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Abstract  
 
Of f ices env ironments are the s tage of  knowledge work.  Together  wi th  job des ign 
and the soc ia l  env i ronment ,  phys ica l  o f f ice work  env i ronments are an impor tant  
source of  inf luence on we l l -be ing,  heal th ,  and job per formance.  However ,  f ie ld  
research on the e f fects o f  of f ice  env i ronments is  scarce,  f ragmented and not  
re la ted to job des ign.   
Based on the Job Demands-Resources f ramework and act ion- regula t ion theory,  
e f fects  of  of f ice des ign,  job des ign,  and the soc ia l  env i ronment  are analysed in  
two f ie ld  s tud ies.  The f i rs t  s tudy employs a longi tud ina l  quas i -exper imenta l  
research des ign wi th  a  cont ro l  group.  Data f rom 6 organisat ions and 568 (pre-
change)  and 682 (post -change)  survey par t ic ipants  were analysed regard ing the 
ef fects  of  changes in  the of f ice env ironments on of f ice users ’  percept ions,  
a t t i tudes,  and behav iour  whi le  cont ro l l ing for  job character is t ics  and in f luences 
f rom the soc ia l  env i ronment .  The resu l ts  show that  changes in  the of f ice 
env i ronment  do not  af fect  job character is t ics  and soc ia l  re lat ions.  Longi tud ina l  
regress ion analyses show that  o f f ice no ise and pr ivacy af fect  job sat is fact ion;  
workp lace appropr ia teness inf luences env i ronmenta l  sat is fac t ion,  and pr ivacy and 
work and s torage spaces have an impact  on ind iv idual  work  per formance.  
Addi t ional  cross-sect ional  regress ion analyses at  both po ints  in  t ime benef i t  f rom 
larger  sample s ize and complement  the longi tud ina l  f ind ings on smal ler  s ized 
ef fects .  
In  the second s tudy the focus is  extended and of f ice bu i ld ing- leve l  parameters ’  
in f luences on of f ice users  are s tud ied us ing mul t i - leve l  models  wi th  data f rom 39 
bu i ld ings and 1373 survey par t ic ipants .  The bu i ld ing- leve l  parameters  proved to  
be l i t t le  informat ive and var iance in the outcome is  complete ly exp la ined by 
employees’  percept ions.   
The two s tud ies show that  demands and resources assoc ia ted wi th  the of f ice 
env i ronment  exp la in  substant ia l  amounts  of  var iance in  job sat is fact ion,  heal th,  
and ind iv idual  work per formance in addi t ion to  job des ign ef fects  and inf luences 
f rom the soc ia l  env i ronment .  
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1. Introduction 
1.1. General Introduction 
Scient i f ic  analys is  o f  work has focused on work des ign,  technology,  management ,  
and leadersh ip  and the i r  consequences for  employees,  teams,  and organisat ions.  
The phys ica l  env i ronment  has not  rece ived much at tent ion.  The development  of  
the serv ice indust ry and the knowledge economy has changed workp laces.  Today 
about  50 per  cent  o f  the European and Nor th Amer ican labour  forces work in 
o f f ices.  The research on the re lat ionship  between phys ica l  o f f ice env i ronments  
and react ions on ind iv idual ,  group,  and organisat ional  leve l  the l i terature remains 
f ragmentary  and ambiguous.  Theoret ica l  development  of  the in teract ion between 
of f ice env ironments  and employees,  teams,  and organisat ions is  large ly miss ing 
a l though the need to  integrate the phys ica l  env i ronment  has been recognised in  
organizat ion theory (Pfef fer ,  1997)  and work des ign (Davenpor t ,  2008;  Kompier ,  
2003;  Oldham, 1996;  Ornste in ,  1990) .  Fur thermore,  resu l ts  o f  sc ient i f ic  s tud ies 
are poor ly connected to the engineer ing and des ign d isc ip l ines that  might  make 
use of  them (Vei tch,  Char les,  Far ley & Newsham, 2007) .  Many bus iness managers 
cont inue to  cons ider  of f ices s imply as space to  house the i r  employees,  ra ther  than 
a too l  for  work (V ischer ,  1996)  or  an impor tant  component  o f  the organisat ion as a 
system or  organisat ional  eco logy (Stee le ,  1986;  Becker ,  2004) .  
The des ign of  work has an enormous impact  on ind iv idual  wel l -be ing and 
organisat ional  success (Morgeson & Campion,  2003) .  Work des ign is  based on a 
h is tory o f  more than 50 years o f  research and thousands of  empi r ica l  s tud ies.  I t  
focuses on the des ign of  content  and s t ructures of  jobs and tends to  neglect  the 
phys ica l  env i ronment  (Oldham, 1996;  Morgeson & Campion,  2003) .  On the other  
hand,  approaches to  of f ice des ign usual ly do not  cons ider  the nature of  work,  that  
can be descr ibed in  terms of  demands and resources assoc ia ted wi th  tasks and 
act iv i t ies  that  employees complete in  the i r  da i ly  work.  Only few empir ica l  s tud ies 
o f  the phys ica l  work  env i ronment  in o f f ices have in tegrated measures of  job 
character is t ics  (e .g.  Fr ied,  Melamed & Ben-David,  2002;  Oldham & Rotchford,  
1983)  or  soc ioeconomic pos i t ion and psychosocia l  aspects  o f  work (A.  F .  Marmot ,  
E ley,  Staf ford,  Stansfe ld ,  Warwick & Marmot ,  2006) .  
In  combinat ion wi th  work  des ign,  react ions to the phys ica l  env i ronment  shape 
ind iv idual  wel l -be ing,  soc ia l  in teract ions,  and organisat ional  e f fect iveness.  Work 
env i ronments should therefore be a l igned wi th  work tasks and organisat ional  goals  
and s t ra teg ies in  order  to  produce the best  accommodat ion for  a cer ta in  work 
s ty le .  Of f ice env i ronments  can suppor t  employees ’  work and wel l -be ing and should 
be cont ingent  wi th  genera l  organisat ional  condi t ions (Aronof f  & Kaplan,  1995;  
Becker ,  1990;  V ischer ,  1996) .  From th is  perspect ive,  work env i ronments  can be 
cons idered as a resource that  should not  be des igned pr imar i ly to  reduce space 
(and cost )  but  to  suppor t  the work s ty le  and bus iness miss ion of  the organisat ion 
(V ischer ,  1996)  and thus to  cont r ibute to  organisat iona l  pro f i tab i l i ty .  Of f ice and 
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work des ign are re la ted to  cruc ia l  outcomes that  are re la ted to product iv i ty (e .g.  
ind iv idual  per formance)  or  re levant  for  per formance (e.g .  job sat is fac t ion)  
(Hesket t ,  Jones,  Loveman,  Sasser  Jr . ,  & Schles inger ,  1994) .  
 
The focus of  th is  thes is  is  on the ef fects  o f  job des ign and the des ign of  phys ica l  
work  env i ronments .  At  the core of  ac t iv i t ies  in o f f ice bu i ld ings is  work,  a  goal -
d i rected human act iv i ty .  Of f ice des ign is  therefore s tud ied in  re la t ion to  work 
tasks,  the i r  character is t ics  and outcomes.  
In  th is  thes is  the ef fec ts  of  of f ice  and work des ign on employees is  descr ibed in 
the Job Demands-Resources f ramework (Bakker  & Demerout i ,  2007) .  The 
f ramework used for  two f ie ld  s tud ies c lass i f ies  job re levant  env i ronmenta l  fac tors  
in to  job demands and job resources on the bas is  of  the act ion- regula t ion theory 
approach (Frese & Zapf ,  1994) .  Th is  approach descr ibes work as a goal-d i rected 
act iv i ty and emphasizes i ts  cogni t ive regulat ion.  Thus,  th is  approach integrates 
work load,  resources,  and subject ive react ions and exper iences.  The Job 
Demands-Resources f ramework a l lows the integrat ion of  three major  c lasses of  
work- re la ted st ra in :  task- re lated,  env i ronmental ,  and soc ia l  sources of  s t ra in.  A 
theoret ica l  model  o f  demands and resources incorporat ing these three c lasses is  
developed and analysed in  th is  thesis .  
1.2. Purpose of Research  
The main goal  o f  the research cons is ts  in the analys is  o f  the extent  to wh ich the 
phys ica l  env i ronment  in o f f ices has an in f luence on employees’  wel l -be ing 
(sat is fact ion and heal th)  and job per formance.  Ef fects  of  the of f ice env i ronment  
are analysed per  se and in  re la t ion to in f luences of  work des ign and the soc ia l  
env i ronment .  
More spec i f ica l ly,  the a im of  th is  thes is  is  to exp lore to which extent  of f ice work 
env i ronments should be regarded as resources or  demands in  analys ing and 
des ign ing organisat ional  work systems.  Ef fects  o f  the phys ica l  o f f ice work 
env i ronment  on of f ice users  are analysed in  combinat ion wi th  job character is t ics  
and aspects  o f  the soc ia l  env i ronment  in order  to  analyse re la t ive cont r ibut ions to 
se lected outcomes of  the three c lasses of  components  of  work condi t ions.  These 
ef fects  are f ramed in the Job Demands-Resources model .  The ef fects  o f  phys ica l  
env i ronment  facets  on user  exper ience are ident i f ied and analysed in  d i rect ion and 
s ize.  These ef fects  are put  into  re lat ion wi th  job character is t ics  and 
character is t ics  of  the soc ia l  env i ronment  in  order  to  examine the i r  re lat ive un ique 
cont r ibut ions and jo int  e f fects  on outcomes.  Outcomes s tud ied are job and 
env i ronmenta l  sat is fact ion,  organisat ional  commitment ,  heal th ,  and ind iv idual  
per formance.  These analyses a im at  assess ing the su i tab i l i ty  o f  fac i l i t ies  present  
in  the work  env i ronment  to the work  tasks in  re la t ion to  regulat ion processes of  
task- re lated work  o f  of f ice  users .  The re la t ionship between phys ica l  o f f ice work 
env i ronments,  job des ign,  soc ia l  env i ronment ,  and outcomes are analysed for  
t rad i t iona l  ce l lu lar  o f f ices and contemporary o f f ice concepts  (such as mul t i -space 
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o f f ices1) .  Fur thermore,  these re lat ionships are examined regard ing the i r  
un iversa l i ty or  bu i ld ing-spec i f ic i ty,  respect ive ly.  
 
Th is  thes is  cont r ibutes to  the fur ther  understanding of  e f fects  of  work 
env i ronments in o f f ices.  With longi tud ina l  and cross-sect ional  f ie ld analyses in  
severa l  organisat ions a broad empir ica l  base is  estab l ished that  expands the 
knowledge f rom s ing le  case and laboratory s tudies that  dominate empir ica l  
research on of f ice env i ronments .  This  a l lows more sophis t icated s tatements  about  
e f fects  of  of f ice des ign on of f ice users .  
In  pract ice there is  a  need for  such analyses to suppor t  dec is ions in o f f ice 
p lanning,  bui ld ing,  and change.  The resu l ts  f rom th is  research thus cont r ibute to 
the development  o f  ev idence-based of f ice des ign (Pul len & Bradley,  2004) .  
1.3. Scope 
Dif ferent  s takeholders  are invo lved in  p lanning,  des ign ing,  managing,  and us ing 
of f ice work env i ronments .  Their  a ims and interests  may be conf l ic t ing and they are 
subject  to var ious sources of  inf luence and power .  Therefore,  assessments of  the 
bu i l t  env i ronment  by d i f ferent  groups may d iverge large ly and in  the end „of f ice 
qual i ty is  in  the eyes of  the beholder“ (Becker ,  1990,  p.  175) .  The focus of  the 
research is  on ident i fy ing and model l ing in f luences of  the work env i ronment  on the 
ind iv idual  psychosocia l  leve l .  The theoret ica l  perspect ive of  the Job Demands-
Resources model  s t resses ind iv idual  percept ions,  exper iences,  and outcomes.  
In terpersonal  and organisat ion leve l  e f fects  are cons idered as genera l  condi t ions 
but  not  analysed in  deta i l .   
Of f ice des ign change processes and change management  procedures are not  
invest igated.  Ins tead the focus of  the research is  on the actua l  of f ice work 
env i ronments .  The research focuses on of f ices in  the German speaking par t  of  
Swi tzer land.  The s tudy ob jects  therefore represent  condi t ions that  are d i f ferent  
f rom US and UK of f ices for  cu l tura l ,  economic,  and po l i t ica l  reasons (Van Meel ,  
2000;  Van Meel ,  de Jonge & Dewul f ,  2006) .  Swi tzer land’s  bu i ld ing const ruct ion is  
character ised by h igh leve ls  of  technology and qual i ty (T rost ,  2007)  and Swiss 
economy is  character ised by h igh wages,  a h ighly educated workforce,  and h igh 
labour  product iv i ty (St rahm, 2008)  
1.4. Overview and research goals 
In  th is  thes is  the analys is  of  the inf luence of  the phys ica l  env i ronment  in  o f f ices 
on employees’  wel l -be ing (sat is fact ion and heal th)  and job per formance is  
                                                          
1 Mu l t i -space o f f i ces  a re  ex tens ions  o f  open  o f f i ces :  no rmal l y  users  have  an  ind i v idua l  
ass igned  workspace  and the  o f f i ce  env i ronment  o f fe rs  d i f fe ren t  spaces  and  rooms fo r  
spec i f i c  pu rposes  (e .g .  focus  rooms,  con fe rence  and  mee t ing  rooms,  regenera t ion  rooms,  
p ro jec t  rooms) .  Mu l t i -space  o f f i ces  enab le  f l ex ib le  use  o f  d i f f e ren t  func t i ona l  t ypes  o f  
o f f i ce  spaces  w i th in  the  same bu i ld ing .  
  18 
researched and put  in to re lat ion wi th  two other  c lasses of  in f luences ( job des ign 
and soc ia l  env i ronment) .  The thes is  bu i lds  on two empir ica l  f ie ld s tud ies.  
 
The f i rs t  s tudy a ims at  the ident i f icat ion of  ef fects  o f  o f f ice env i ronment  on of f ice 
users ’  percept ions and react ions.  This  s tudy cons is ts  in invest igat ions of  e f fects  
o f  of f ice des ign on of f ice users  in a longi tud ina l  s tudy des ign where of f ice des ign 
changes occur  whi le  job des ign remains constant .  The research goals  o f  th is  s tudy 
are the fo l lowing:  
 
  Ident i f icat ion of  parameters  of  of f ice users ’  percept ions and react ions that  are 
changed as a consequence of  change in  of f ice des ign f rom ce l l  s t ructures to 
mul t i -space of f ices.  
  Ident i f icat ion of  parameters  of  of f ice and comfor t  assessment  that  are changed 
as a consequence of  change in  o f f ice design f rom ce l l  s t ructures to  mul t i -
space of f ices.  
  Examinat ion of  e f fect  s izes for  the in f luences of  o f f ice des ign changes on 
of f ice users ’  exper iences and react ions.  
  Analys is  o f  the re la t ionships between perce ived e lements  o f  of f ice 
env i ronments and employee’s  react ions.  
 
The f i rs t  s tudy uses a longi tud ina l  research des ign wi th  7  organisat ions inc lud ing 
one that  served as a cont ro l  group and more than 550 respondents  of  a  survey.  
Longi tud ina l  analyses of  change have the par t icu lar  advantage that  they are less 
suscept ib le to  inf luences in par t ic ipant  background than cross-sect ional  s tud ies.  
F ind ings f rom longi tud ina l  s tudy des igns are therefore less threatened by 
confounding factors .  
 
The second s tudy extends the focus of  the f i rs t  one and more ob ject ive phys ica l  
o f f ice env i ronment  parameters  are inc luded in a  cross-sect ional  des ign inc lud ing 
39 of f ice bu i ld ings and over  1350 par t ic ipants  in  the employee survey.  The 
research goals  o f  the second s tudy cons is t  in  
  Systemat ic  analys is  o f  the re la t ionship  between ob ject ive parameters  of  of f ice  
des ign and of f ice users ’  exper ience.  
  D i f ferent iat ion of  wi th in -  and between-bui ld ing ef fects  on users ’  exper ience.  
  Model l ing ef fects  o f  job des ign and des ign of  phys ica l  o f f ice env i ronment  on 
users ’  exper ience and analys is  o f  re lat ive ef fects  of  the two c lasses of  
in f luences.  
 
Regard ing the avai lab le  ev idence on job des ign and des ign of  phys ica l  o f f ice 
env i ronments these research goals  complement  current  research on ef fects  of  
o f f ice des ign in  var ious ways.  
In  th is  thes is ,  o f f ice des ign and job des ign are analysed jo in t ly.  Th is  combinat ion 
of  perspect ives addresses the prob lem of  job- re la ted of f ice des ign.  The bas ic  
assumpt ion that  o f f ices should be cons idered as a too l  for  work  (V ischer ,  1996)  
makes i t  necessary to  understand job-re la ted requi rements  for  of f ice 
env i ronments.  Th is  quest ion has on ly been s tud ied regard ing soc ia l  dens i ty 
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(Sz i lagyi  & Hol land,  1980) .  The open vs.  c losed of f ices debate has focused on 
of f ice users ’  react ions to  such of f ice s t ructures wi th d isregard of  the job-re la ted 
necess i t ies  for  communicat ion or  concentrat ion and other  factors  of  job des ign 
(Mylonas & Carsta i rs ,  2007) .  However ,  the analys is  o f  both,  ef fects  f rom job 
des ign and f rom phys ica l  env i ronment  des ign,  cont r ibutes to  var iance explanat ion 
of  genera l  work organisat ion ef fects  on job incumbents ’  percept ions and 
exper iences (MacDonald,  Karasek,  Punnet t  & Schar f ,  2001) .  Thus the 
mul t id imensional  theory-based model  o f  e f fects  that  is  es tab l ished and examined 
in  th is  thes is  leads to a broader  understanding of  impacts  on employees’  wel l -
be ing (sat is fact ion and heal th)  and job per formance.  
In  the f i rs t  s tudy quas i -exper imenta l  longi tud ina l  analyses in  severa l  organisat ions 
are carr ied out .  The research des ign conta ins  a cont ro l  group which does not  
exper ience changes in  o f f ice des ign.  Longi tud ina l  analyses of  ef fec ts  o f  of f ice 
env i ronments are large ly miss ing (wi th  notab le  except ions:  Brennan,  Chugh & 
Kl ine,  2002;  Oldham, 1988;  Oldham & Brass,  1979;  Zalesny & Farace,  1987;  
Sundst rom,  Town,  Rice,  Osborn & Br i l l ,  1994).  The analys is  of  changes over  t ime,  
however ,  is  a  s t rong means for  ident i fy ing cause-ef fects- re la t ionships and th is  
research wi l l  cont r ibute to  a bet ter  and more thorough understanding of  these 
re la t ionships.  Fur thermore,  bu i ld ing leve l  ef fects  o f  o f f ice des ign are analysed and 
put  in re lat ion to o f f ice inter ior  e f fec ts .  Thus,  ef fec ts  wi th in  and between of f ice 
bu i ld ings ( ins tead of  focuss ing on ly on ef fects  wi th in  bu i ld ings)  are s tudied.  
The research complements ava i lab le  knowledge by a geographica l  extens ion.  
Avai lab le  resu l ts  are main ly based on s tud ies in Nor th Amer ica.  In th is  thes is  
these resu l ts  wi l l  be ver i f ied in Swiss of f ices represent ing a d i f ferent  t rad i t ion and 
cu l tura l  context .  F ina l ly ,  contemporary o f f ice des igns ( inc lud ing mul t i -space 
of f ices)  are analysed.  
 
The s t ructure o f  the thes is  is  presented in F igure 1.  The rat ionale  for  exp lor ing the 
phys ica l  o f f ice env i ronment  as a source of  in f luences on employee-re la ted 
outcomes is  presented in  chapter  2.  This  chapter  inc ludes a d iscuss ion of  the 
organisat ion – accommodat ion re lat ionship  (Vischer ,  1996)  f rom the perspect ive of  
soc io- technica l  systems.  The re la t ionship  between employees and the i r  work 
env i ronment  is  presented us ing the Job Demands-Resources f ramework (Bakker  & 
Demerout i ,  2007) .  Th is  f ramework is  presented and d iscussed in  chapter  3.  In  
order  to  more prec ise ly ident i fy job demands and job resources,  a  more f ine-
gra ined theory is  requi red.  Act ion regula t ion theory,  the micro- theoret ica l  
approach complement ing the Job Demands-Resources model ,  is  presented in 
chapter  4 .  Th is  theory of  cogni t ive regula t ion of  work- re la ted act ion a l lows the 
c lass i f icat ion of  job demands and resources.  The f ramework prov ided by th is  
theory is  extended for  factors  of  of f ice env i ronments .  Chapter  5  presents  the 
outcomes of  work and organisat ion research:  sat is fact ion,  organisat ional  
commitment ,  heal th ,  and work per formance.  Subsequent ly ,  the empir ica l  l i te ra ture 
on ef fects  of  of f ice env i ronments on these outcomes is  rev iewed (chapter  6) .  Th is  
chapter  is  fo l lowed by a rev iew of  e f fects  of  job des ign on the same outcomes.  On 
the bas is  of  these rev iews and the theoret ica l  f rameworks,  a  work ing model  is  
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proposed in chapter  8.  Th is  work ing model  is  examined in  the two empir ica l  
s tud ies descr ibed in chapters  9-12.  
 
 
Figure 1.  Overview over the structure of the thesis 
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2. Accommodating office work 
2.1. Office Work 
Since the 1980s the ava i lab i l i ty  o f  computers  has led to fundamenta l  changes in  
o f f ice  work  (A.  Kaplan & Aronof f ,  1996) .  Informat ion technology has cont r ibuted to  
the development  o f  the serv ice economy and has been used to suppor t  and 
s t rengthen knowledge in tens ive work.  The term “knowledge work”  (Drucker ,  1958)  
descr ibes a type of  work  that  is  main ly based on menta l  processes and not  on 
phys ica l  labour .  Knowledge work incorporates such tasks as p lanning,  analys ing,  
in terpret ing,  and develop ing as wel l  as  the prov is ion of  in format ion and knowledge 
based products  and serv ices.  Knowledge work,  however ,  does not  inc lude on ly 
demanding cogni t ive act iv i t ies  but  a lso more mundane tasks such as s tor ing and 
re t r iev ing informat ion,  schedul ing,  making phone ca l ls ,  wr i t ing and answer ing E-
mai ls  (Suchman,  2000) .  Such l i t t le  demanding tasks use cons iderable amounts  o f  
work t ime of  o f f ice workers  (Br i l l ,  Weidemann & the BOSTI  Assoc iates,  2001;  
Reder  & Schwab,  1990)  (see F igure 2) .  
 
  
Figure 2.  Time-at-task for four functional job types (Bri l l  et  al. ,  2001, 
pp. 22f)  
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An impor tant  component  o f  knowledge work is  soc ia l  in teract ion:  concepts ,  
out l ines,  and draf t  papers are produced ind iv idual ly and subsequent ly 
co l laborat ive ly reworked in  pro jec t  teams or  wi th  co l leagues or  super iors .  Thus the 
mater ia l  must  be made avai lab le  to o thers ,  a process that  impl ies  communicat ion.  
In  everyday work ing l i fe  such communicat ive t ransfer  and exchange processes 
occur  in  formal  as wel l  as  in  in formal  set t ings (A l len,  1977;  J .  S.  Brown & Duguid,  
2000) .  Per iphera l  par t ic ipat ion in communicat ion (Lave & Wenger ,  1991)  or  
overseeing and overhear ing are essent ia l  mechanisms in  learn ing and knowledge 
exchange (Bjer rum & Bødker ,  2003) .  An addi t ional  mechanism of  knowledge 
exchange is  the shared access to resources such as informat ion,  mater ia ls ,  and 
ar tefacts .  Thus,  the enhancement  o f  knowledge exchange,  communicat ion,  and 
co l laborat ion is  o f ten an impor tant  goal  in  of f ice des ign (Myerson & Ross,  1999;  
Raymond & Cunl i f fe,  1997) .  Of f ice spaces are thus cons idered not  on ly  as a cost  
factor  but  as  a means to  estab l ish and modi fy workers ’  behav iours  and corporate 
cu l ture (Becker  & Stee le,  1995) .  
 
The prov is ion of  e f fect ive space for  knowledge work or  of f ice work in  genera l  
presupposes knowledge about  actua l  o f f ice work  act iv i t ies  (Gjersv ik  & Blakstad,  
2004) .  However ,  knowledge work is  harder  to  descr ibe than phys ica l  work  because 
cogni t ive work cannot  be observed d i rect ly.  Descr ipt ions of  o f f ice work  act iv i t ies  
therefore are rather  unspeci f ic  and abst ract  (Heerwagen,  Kampschroer ,  Powel l  & 
Lof tness,  2004) :  
  Of f ice work typ ica l ly cons is ts  in prepar ing texts  and correspondence by 
computer ,  keeping t rack of  schedules,  events  and records,  f i l ing and ret r iev ing 
of  mater ia ls ,  and communicat ing ( formal ly or  in formal ly)  wi th  others  by phone 
or  face to face (Kroemer & Kroemer,  2001) .  
  Typ ica l ly,  a  l i t t le  more than ha l f  o f  the tota l  work ing t ime is  spent  wi th  desk 
work.  Large-sca le survey s tud ies by Br i l l  e t  a l .  (2001)  show that  profess ionals ,  
engineers,  and admin is t rat ive personnel  spend 61-64% of  the i r  t ime work ing 
qu ie t ly a t  the i r  desks (F igure 2) .  Managers spend 48% of  the i r  t ime wi th  
ind iv idual  qu ie t  desk work.  16-30% of  the to ta l  work ing t ime is  used for  
communicat ive act iv i t ies  at  the ind iv idual  workspace (phone ca l ls  and 
meet ings) .  These resul ts  are repor ted to  be cons is tent  across indust r ies  and 
across both publ ic  and pr ivate sectors .  S imi lar  resu l ts  are repor ted by Vos & 
van der  Voordt  (2001)  for  of f ice workers  in the Nether lands.  In the i r  s tudy 53% 
of  work  t ime is  spend wi th  desk work.  
  Severa l  s tud ies descr ibe in ter rupt ions in  of f ice work.  Unin ter rupted work 
per iods last  between 10 and about  30 minutes in  sof tware engineer ing (Per low,  
1999;  Reder  & Schwab,  1990)  or  manageria l  work  (Mintzberg,  1990) ,  for  
example.  Gonzalez & Mark (2004)  repor t  an average durat ion of  12 minutes of  
work ing on a task before swi tch ing to another  task.  Swi tch ing between tasks 
may be caused by f requent  inter rupt ions (Per low,  1999) .  
  In ter rupt ions and task swi tch ing impede the complet ion of  tasks.  Therefore 
on ly por t ions of  tasks are worked on at  a  g iven t ime and other  por t ions of  the 
same task and d i f ferent  tasks are held  a t  a  s tate o f  suspens ion.  In ter rupt ions 
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lead to decrements  in  per formance and have a negat ive impact  on wel l -be ing 
(Z i j ls t ra ,  Roe,  Leonora & Kredie t ,  1999) .  
  Soc ia l  in teract ion is  most ly face- to- face communicat ion (Br i l l  e t  a l . ,  2001;  
Per low,  1999;  Reder  & Schwab,  1990)  a l though there are substant ia l  
d i f ferences between job categor ies.  In Reder  and Schwab’s  (1990)  s tudy,  
managers spent  about  60% of  the i r  work t ime in  face- to- face in teract ions.  
Profess ionals  spent  25-30% of  the i r  work  t ime in  such in teract ions.  
 
In  summary,  these resu l ts  ind icate that  of f ice work is  a complex,  oppor tun is t ic  and 
react ive act iv i ty that  can be descr ibed as s i tuated act ion wi th  constant  adaptat ions 
of  p lans,  tasks,  and work act iv i t ies  (Suchman,  1987) .  
 
In  order  to estab l ish a v iab le  understanding of  the env ironment  for  of f ice work,  i t  
is  necessary to  understand the organisat ion -  work env i ronment  re la t ionship  
(organisat ion – accommodat ion re lat ionship ,  V ischer ,  1996)  and the person – work 
env i ronment  re lat ionship .  In  order  to  prov ide a conceptua l  l ink  between phys ica l  
env i ronmenta l  a t t r ibutes and var ious levels  o f  worker  responses to  those 
at t r ibutes,  a theoret ica l  f ramework composed of  the soc io- technica l  systems 
approach and act ion regula t ion theory is  therefore presented in  the fo l lowing 
chapters .  
2.2. Socio-technical systems perspective 
In  order  to understand the accommodat ion of  of f ice work f rom an organisat iona l  
perspect ive and to pos i t ion of f ice des ign act iv i t ies  in the organisat ional  context ,  a  
soc io- technica l  systems (STS) approach is  proposed.  STS theory prov ides a f rame 
of  re ference for  the analys is  o f  organisat ions.  I t  invokes a body of  concepts  to 
descr ibe and expla in  the behaviour  o f  organisat ions and the i r  members.  There is ,  
however ,  no s ing le  body of  concepts .  Rather ,  the STS perspect ive d i rects  
a t tent ion to  system component  par ts  that  cont r ibute to  the per formance of  
organisat ions and the i r  in ter re lat ion (Emery,  1993) .  
The STS f ramework has proved i ts  appl icabi l i ty  to workp laces in  several  s tud ies 
(Duf fy,  1997;  O'Nei l l ,  1998;  Sundst rom, 1986) .  I t  forms the bas is  of  the 
“organisat ional  eco logy”  (Becker ,  1990,  2007;  Stee le ,  1986)  approach that  
descr ibes the workp lace as a  system composed of  phys ica l  des ign,  work 
processes,  organisat ional  cu l ture,  work force,  and technology.  Becker  (1990,  2007)  
uses the term „organisat iona l  eco logy“  in order  to  capture the fact  that  a l l  
organisat ions are character ised by the interdependence of  soc ia l  and phys ica l  
systems.  Organisat ional  per formance can on ly be understood wi th in  th is  
f ramework of  interdependencies and not  by examin ing any s ing le  facet  or  
component  o f  the overal l  system.  
 
The STS approach was developed by the Tav is tock Inst i tute in  London in  the la te 
1940s and ear ly 1950s.  The s tar t ing po in t  was a s tudy of  coa l -min ing techniques 
(Tr is t  & Bamfor th,  1951) .  The researchers were mandated to  invest igate why 
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product iv i ty and s taf f ing prob lems pers is ted despi te  an extens ive programme of  
mechanisat ion in  the coal  p i ts .  The researchers found that  the in t roduct ion of  new 
technology was para l le led by changes in  the soc ia l  organizat ion of  work.  In 
par t icu lar ,  wi th  the in t roduct ion of  a  new system of  labour  d iv is ion the autonomy of  
the work ing groups and thus the i r  se l f - regulat ion ab i l i t ies  had been l imi ted.  Tr is t  
and Bamfor th  (1951)  demonstrated that  the adverse consequences were not  due to 
the int roduct ion of  technology but  to  the in tervent ion in the soc ia l  system.  These 
resu l ts  and fur ther  invest igat ions (see van Ei jnat ten,  1993 for  an overv iew)  led to 
the conceptua l  development  o f  the soc io- technica l  systems approach.  This  
approach regards the technica l  and the soc ia l  subsystems wi th in  an organisat ion 
or  a pr imary work system as separate but  interdependent  subsystems.  The 
technica l  subsystem cons is ts  of  the technica l  equipment ,  product ion mater ia ls ,  the 
technica l  condi t ions of  the t ransformat ion process and the spat ia l  condi t ions and 
s t ructures.  The soc ia l  subsystem cons is ts  of  a l l  organizat iona l  members wi th  the i r  
ind iv idual  and group-spec i f ic  ab i l i t ies  and needs,  inc lud ing the i r  in teract ion 
re la t ionships (Emery,  1993) .  
 
The ra ison d ’ê t re  for  a soc io- technica l  system consis ts  in  the organisat ional  a im or  
pr imary task.  The pr imary task para l le ls  the system’s funct ion in  a larger  context  
( i .e.  the economic env ironment)  and cons is ts  of  the tasks that  the system is  
des igned for .  I t  can be descr ibed as the t ransformat ion process of  input  into  
output .  The concept  o f  the pr imary task integrates the technolog ica l ,  economic,  
and soc io-psycholog ica l  aspects  o f  a  product ion system.  
Accord ing to  the STS approach organisat ions or  organisat ional  un i ts  as  systems of  
product ion of  goods and serv ices are considered as pr imary work  systems (F igure 
3) .  They are composed of  two par ts :  a technica l  and a soc ia l  subsystem.  L ike any 
other  system an operat ing un i t  does not  work on the bas is  o f  the ex is tence of  i ts  
par ts  or  e lements  but  because of  the re la t ionships between them. The in terp lay 
between the technica l  and the soc ia l  subsystem is  character ised by the fo l lowing 
two propos i t ions (Fre i ,  Hugentobler ,  Schurman,  Duel l  & Al io th ,  1993) :  
1 .  The technica l  and soc ia l  subsystems do not  funct ion in  the same way but  
accord ing to d i f ferent  ru les and laws.  The technica l  system is  governed by the 
laws of  natura l  and engineer ing sc ience,  whi le  the soc ia l  system is  
character ised by the complex i ty o f  human behav iour .   
2 .  The whole system cannot  be opt imised through the opt imisat ion of  each 
subsystem.  Rather  a jo in t  opt imisat ion is  needed,  i .e .  technica l  p lanning and 
programming wi th  the cons iderat ion of  soc ia l  c r i ter ia on the one hand and 
organisat ional  development  incorporat ing technica l  poss ib i l i t ies  on the other  
hand.  
 
In  addi t ion to  the pr imary process,  secondary processes suppor t  the pr imary task.  
The secondary tasks of  a  pr imary work system inc lude a l l  the addi t iona l  tasks that  
are necessary in  order  to  per form the pr imary task.  Such secondary tasks re la te to 
both the upkeep (e.g .  maintenance,  t ra in ing)  as wel l  as  the regulat ion (cont ro l  o f  
inputs ,  in terna l  coord inat ion)  o f  the system.  Organisat ions can be d iv ided in to 
severa l ,  more or  less independent  work systems.  The tasks of  these subsystems 
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are e i ther  d i rect ly or  indi rect ly product ive pr imary tasks or  suppor t  or  secondary 
tasks (e .g.  fac i l i t ies  management ,  human resources) .  A spec i f ic  feature of  work 
systems wi th  secondary tasks as the i r  main tasks is  that  the i r  main ob ject ive is  
or iented at  the secondary processes of  product ive organisat iona l  un i ts  in  that  they 
take over  par ts  thereof .  The tasks of  product ive and suppor t  un i ts  are therefore 
entwined and decoupl ing is  poss ib le  on ly to  a  l imi ted degree.  For  that  reason 
secondary systems are d i f f icu l t  to  d i f ferent iate  f rom pr imary systems and in f luence 
on both the technica l  and the soc ia l  subsystem.  Whi le  suppor t  tasks may be ca l led 
secondary f rom a bus iness operat ions perspect ive,  they are cruc ia l ly impor tant  for  
an organisat ion ’s  overa l l  funct ion ing.   
 
 
Figure 3.  Socio-technical system (Ulich, 2001, modif ied) 
In  bus iness organisat ions the integrat ion of  the technica l  and soc ia l  subsystem 
are suppor ted by var ious secondary funct ions and corresponding suppor t ive and 
maintenance organisat ional  un i ts .  Faci l i t ies  management  is  one of  these 
subsystems.  I t  is  usual ly  descr ibed as the management  of  the non-core or  
secondary bus iness funct ions.  The d i f ferent iat ion between core and non-core 
funct ions,  however ,  is  d i f f icu l t  and can obscure the understanding of  an 
organisat ion’s  funct iona l i ty.  In rea l i ty many funct ions of  a  bus iness are par t  core 
and par t  non-core and therefore serv ices – such as of f ice- re la ted FM serv ices – 
are more than pure suppor t  serv ices.  They conta in  an en larged potent ia l  for  
opt imisat ion of  the overa l l  system (Barret t  & Baldry,  2003) .  
 
The STS perspect ive s t resses the in terdependence of  the soc ia l  and the technica l  
subsystem.  I t  acknowledges,  however ,  that  the soc ia l  and the technica l  
subsystems are subject  to  d i f ferent  laws.  Therefore and because of  the i r  
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in terdependence,  the des ign of  organisat ions for  ach ievement  of  the i r  pr imary 
tasks should focus the jo in t  opt imisat ion of  the technica l  and the soc ia l  subsystem 
(Clegg,  2000) .  The STS approach assumes that  there are a l ternat ives for  
organisat ional  des ign that  requi re  de l iberate choices (Tr is t ,  H igg in ,  Murray & 
Pol lock,  1963) .  Thus STS argues against  technolog ica l  or  env i ronmental  
determin ism.  In connect ion wi th  the requi rement  for  jo int  opt imisat ion,  the soc io-
technica l  approach is  character ised by a postu lat ion for  a  work organisat ion that  is  
or iented at  workers ’  autonomy and responsib i l i ty .  Th is  requi rement  is  jus t i f ied wi th  
a  h igher  overa l l  system ef f ic iency.  Susta inable economic benef i ts  can on ly be 
achieved through ensur ing of  workers ’  mot ivat ion,  low absentee ism and low s ta f f  
turnover .  These goals  can be reached by a l locat ion of  autonomy to  the workers .  
The STS approach thus combines a capi ta l -  and labour-or iented assessment  o f  
work  systems by theoret ica l ly jus t i fy ing the compat ib i l i ty  o f  the two perspect ives.  
Empir ica l  resu l ts  seem to conf i rm th is  compat ib i l i ty  (S.  Parker  & Wal l ,  1998) .  
The pract ica l  impl icat ions of  a STS approach are twofo ld :  f i rs t ,  i t  impl ies  that  the 
des ign of  work env i ronments has to  consider  not  on ly des ign e lements or  s ing le  
workstat ions but  the whole work system. This  impl ies that  the des ign of  the 
phys ica l  env i ronment  should be cons idered as one e lement  o f  work sys tem des ign.  
In  the t rad i t ion of  job and work des ign,  th is  e lement ,  however ,  has not  rece ived 
much at tent ion (S.  Parker  & Wal l ,  1998) .  The space,  in which the soc ia l  and the 
technica l  subsystems operate,  inf luences the degree of  ef fect ive in tegrat ion of  the 
two subsystems.  
Second,  i t  shows that  humane work  system des ign not  on ly  serves the benef i t  o f  
employees but  a lso the operat ional  goals  of  improved organisat ional  ef f ic iency 
and product iv i ty.  
 
From an organisat ion- theoret ic  perspect ive the STS approach argues for  a jo in t  
opt imisat ion of  the soc ia l  and the technica l  subsystem regard ing the pr imary tasks 
of  an organisat ion.  Fac i l i t ies  management  adopts  the secondary task of  prov id ing 
and managing space and serv ices for  the integrat ion of  technica l  and soc ia l  
aspects  of  organisat ional  funct ions.   
The cont r ibut ions of  FM for  the opt imisat ion of  STS can be regarded f rom a 
s t rateg ic  and an operat ional  perspect ive.  For  workp lace management ,  a s t rateg ic  
perspect ive means to  ra ise the awareness for  the re la t ionship  between an 
organisat ion and i ts  phys ica l  env i ronment  and to  use the bu i l t  env i ronment  as a 
too l  for  bet ter  ef f ic iency and ef fect iveness (V ischer ,  1996) .  Such an approach 
deals  wi th  fac i l i t ies  and workspaces not  on ly f rom a cost  perspect ive but  cons iders  
the systemic  inter re lat ions between technology,  tasks,  and soc ia l  fac tors .  The 
d imensions addressed by s t ra teg ic  workp lace management  are e.g .  locat ion,  cost ,  
funct iona l  qual i ty,  communicat ion,  symbol ic  meaning (corporate image and 
organisat iona l  ident i ty)  (Hatch & Cunl i f fe,  2006,  chapter  7) .  St rateg ic  workspace 
dec is ions are based on accommodat ion and occupancy in te l l igence (V ischer ,  
1996)  and therefore are rooted in operat ional  workspace management .  Thus 
in format ion on the des ign of  phys ica l  workspaces that  s imul taneously suppor t  work  
processes,  organisat ional  members ’  preferences and needs,  and organisat ional  
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ob ject ives and a ims have to be co l lec ted and explo i ted (Chan,  Beckman & 
Lawrence,  2007) .  
 
Depending on the genera l  s t rateg ic  approach towards workspaces,  V ischer  (1996)  
d is t inguishes between a cost  and an investment  model  o f  workspace s t rateg ies.  
The cost  model  cons iders  space as a l iab i l i ty .  By cont rast ,  the investment  model  
regards space as an asset  and as a cent ra l  fac tor  inf luenc ing the work s ty le  and 
bus iness miss ion of  the organisat ion.  The lat ter  model  acknowledges that  
operat ion costs  (main ly  s ta f f  costs)  outnumber  const ruct ion and maintenance 
costs  by severa l  orders  o f  magni tude over the l i fecyc le  o f  an of f ice bu i ld ing2.   
Workspace p lanning accord ing to  the investment  approach is  understood as par t  of  
the s t ra teg ic  p lanning process and carr ies  the expectat ion that  the work  
env i ronment  wi l l  suppor t  the work processes and,  in turn,  the creat ion of  va lue to  
the organisat ion.  Of f ice spaces are seen not  on ly as expenses but  as a means to  
estab l ish and manage organisat ional  behaviours  and creat ing organisat ional  
cu l ture (Becker ,  1990;  V ischer ,  1996) .  
Fo l lowing th is  approach,  ind i rect  ef fects  o f  des ign cont r ibute to the assessment  of  
work env i ronments as we l l  as  do costs .  Ind i rect  costs  and benef i ts  in f luenced by 
workspace des ign are mediated by factors  such as heal th ,  wel l -be ing,  soc ia l  
c l imate,  sat is fact ion,  and per formance (Hesket t  e t  a l . ,  1994) .  These costs  have 
not  been analysed in  the i r  in f luence on organisat ional  prof i tab i l i ty .  In 
organisat ional  rea l i ty,  behav iour  and exper ience of  employees exposed to spec i f ic  
work env i ronments  can qu ick ly become cost  re levant ,  e.g .  through s ick  leave or  
absentee ism,  inef f ic ienc ies due to lack of  informat ion or  reduced per formance 
caused by low sat is fact ion wi th  the work  env i ronment .  Accord ing ly,  the benef i ts  
assoc ia ted wi th  the investment  model  are ind i rect  and complex in  nature.   
2.3. Organisational workplace management 
In  the t rad i t ion o f  the soc io- technical  systems approach the phys ica l  work 
env i ronments  have not  rece ived much at tent ion.  Emery (1993)  acknowledges the 
in f luence of  phys ica l  layouts  on co-ord inat ion,  soc ia l  suppor t  among the workforce 
and in terpersonal  contacts .  The ro le  o f  the phys ica l  work env i ronment ,  however ,  
has not  been fur ther  c lar i f ied wi th in  the STS perspect ive.  
From the macro perspect ive of  organisat ional  theory,  however ,  other  approaches 
recognise the s ign i f icance of  the phys ica l  work env i ronment .  Horgen and 
co l leagues (1999)  cons ider  “workp lace making”  as an e lement  of  s t ra teg ic  
organisat ional  development .  Accord ing to these authors ,  workp lace making 
extends beyond the des ign of  phys ica l  spaces and inc ludes the analys is  o f  
under ly ing condi t ions and ob ject ives.  In the i r  f ramework,  organisat ional  des ign 
and development  is  understood as an in teract ion between four  in terdependent  
d imensions of  the workp lace:  Space,  organisat ion,  technology,  and f inance.  More 
                                                          
2 R .  Evans ,  Haryo t t ,  Has te  &  Jones  (2004)  es t ima te  a  ra t i o  o f  1  (cons t ruc t i on  cos ts ) :  5  
(ma in tenance cos ts ) :  200  (cos ts  o f  the  opera t ion  be ing  ca r r i ed  ou t  i n  the  bu i l d ing ,  
i nc lud ing  s ta f f  cos ts ) .  A  more  tho rough  emp i r i ca l l y  based es t ima t ion  by  I ve  (2006)  resu l t s  
i n  a  ra t i o  o f  1  :  1 .5  :  15  fo r  Cen t ra l  London  o f f i ce  bu i l d ings .  
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genera l ly,  organisat ional  theor is ts  cons ider  des ign and management  of  space a 
key e lement  o f  the organisat ional  env i ronment  and as such an impor tant  
d imension of  p lanned organisat ional  change and organisat ional  development3 
(Porras & Rober tson,  1992;  Porras & Si lvers ,  1991) .   
 
The s ign i f icance of  the bu i l t  env i ronment  for  the ef fect ive operat ion of  an 
organisat ion is  rooted in the fact  that  bu i ld ings and spaces are const ructed for  
par t icu lar  purposes or  funct ions.  Funct ional  and programmat ic  aspects  are 
t rans lated in to  spat ia l  forms.  Thus,  o f f ices can be regarded as product ion factors .  
Th is  t rans lat ion process is  dependent  on in ternat ional  cu l tura l  d i f ferences and 
organisat ional  pecul iar i t ies .  A l though the most  genera l  funct ional  requi rements  for  
o f f ice bu i ld ings should  be the same in  d i f ferent  par ts  o f  the wor ld ,  in ternat ional  
d i f ferences can be observed (Van Meel ,  2000;  Van Meel ,  de Jonge & Dewul f ,  
2006) :  Form does not  fo l low funct ion the same way everywhere.  The reasons for  
that  are the in terpreta t ion of  funct iona l  requi rements,  the assessment  o f  the 
re la t ive impor tance of  the requi rements  and the i r  t rans lat ion in to des ign so lu t ions.  
Fur thermore market ,  regula tory requi rements  concern ing heal th  and safety,  and 
the power  o f  t rade-unions may p lay a  ro le  (Van Meel ,  2000) .  
 
The cont r ibut ion of  phys ica l  work env i ronment  des ign to organisat ional  operat ions 
is  threefo ld:   
F i rs t ,  topography and layout  determine and d i rect  behav iour  or  poss ib i l i t ies  for  
behav iour  respect ive ly:  People cannot  go through f loors  and see through wal ls .  
Thus,  the phys ica l  env i ronment  poses natura l  const ra ints  on human act ion 
(Norman,  1988) .  The boundar ies that  d iv ide the bu i l t  env i ronment  and the 
connect ions between e lements of  the bu i l t  env i ronment  organise the way in  which 
people act ,  come together ,  and remain apar t  (Peponis  & Wineman,  2002) .  Space 
syntax (Hi l l ie r  & Hanson,  1984;  Peponis ,  Bafna,  Baja j ,  Bromberg,  Congdon,  
Rashid,  Warmels ,  Zhang & Z imr ing,  2007;  Rashid,  Kampschroer ,  Wineman & 
Z imr ing,  under  rev iew)  is  a theory o f  arch i tec ture and space based on the idea 
that  conf igurat ion ( i .e .  the way in  which spat ia l  par ts  are put  together)  is  a key 
and necessary resource for  soc ia l  organisat ion and inf luences soc ia l  in teract ion.  
 
Second,  the phys ica l  (mater ia l  and ambient )  work  env i ronment  is  not  on ly context  
and condi t ion for  ind iv idual  act ions but  a lso for  ind iv idual  react ions in  terms of  
we l l -be ing,  heal th ,  sat is fact ion,  mot ivat ion,  and product iv i ty  (Rashid & Z imr ing,  
2008) .  These factors  are d iscussed in  more deta i l  in  chapter  5 and 6.  
 
Th i rd,  the des ign of  the phys ica l  env i ronment  re f lec ts  and re in forces 
organisat ional  cu l ture.  Accord ing to Schein (2004)  „meaning and use of  space 
[are]  among the most  subt le  aspects  o f  organizat ional  cu l ture because 
assumpt ions about  space,  l ike those about  t ime,  operate outs ide of  awareness and 
are taken for  granted“  (S.  163) .  These assumpt ions become v is ib le when the 
corresponding ru les are broken.  The emot ional  react ions provoked in do ing so are 
                                                          
3 The  o the r  d imens ions  men t ioned  by  Por ras  &  Rober tson  (1992)  a re  techno logy,  soc ia l  
f ac to rs ,  and admin is t ra t i ve  a r rangements .  
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rooted in the symbol ic  funct ions of  space:  s ta tus,  soc ia l  d is tance,  and 
membersh ip.  Status incons is tency,  for  example,  leads to  d issat is fac t ion and 
reduced per formance (J .  R.  Car lop io  & Gardner ,  1992;  Greenberg,  1988;  Zalesny 
& Farace,  1987) .  
 
The ind iv idual  leve l  of  analys is  is  cons idered as fundamenta l ,  because of  i ts  
impor tance in  the serv ice economy where percept ions of  serv ice encounters  are 
cruc ia l ly impor tant  (B i tner ,  Booms,  & Tet reaul t ,  1990)  and because of  i ts  
in f luences the group and organisat ional  leve l  (Cai rns,  2008;  V ischer ,  2007a) .  
Adopt ing an ind iv idual -cent red perspect ive means that  the of f ice user ’s  exper ience 
and assessment  o f  the bu i l t  env i ronment  is  cent ra l .  The s tudy of  user  exper ience 
promises a bet ter  understanding of  the inf luences of  the env i ronment  (V ischer ,  
2008) .  The Hawthorne s tud ies (Roeth l isberger  & Dickson,  1939)4 d isproved the 
determin is t ic -mechanis t ic  approach of  envi ronmenta l  in f luences and po in ted out  
the perce ived qual i t ies  of  the env i ronment .  Thus,  for  the behavioura l  re levance of  
a  g iven env ironmenta l  exposure not  the phys ica l ly measurable  qual i ty is  cruc ia l  
but  i ts  funct ion for  a person and h is /her  act ions.  Th is  approach does not  requi re  
an abst ract ion of  phys ica l  parameters  but  an extens ion of  such measures wi th  
subject -  and act ion-re lated terms (Schul tz-Gambard & Hommel ,  1987) .  
 
The theoret ica l  approach for  sub ject - re lated data chosen for  th is research is  the 
Job Demands-Resources model  (Demerout i ,  Bakker ,  Nachre iner  & Schaufe l i ,  
2001) .  Th is  model  categor izes work condi t ions in to  demands and resources that  
re la te  in d i f ferent  ways to  pos i t ive and negat ive outcomes.  The Job Demands-
Resources model  is  a  theoret ica l  f ramework that  integrates two approaches to  
work des ign:  the s t ress research and the mot ivat ion research t rad i t ion.  A l though 
some quest ions re lated to  the processes postu la ted in the model  remain open,  i t  is  
a  popular  model  in  burnout  and work engagement  research (Bakker  & Demerout i ,  
2007) .  
 
 
 
                                                          
4 A l though  the  sc ien t i f i c  va lue  o f  the  Hawthorne  s tud ies  i s  d i spu ted  (e .g .  Carey ,  1967;  
Parsons ,  1974)  and  they have  never  been  pub l i shed  in  sc ien t i f i c  j ou rna ls ,  they  a re  
no tewor thy  because  they s tand  fo r  a  pa rad igm sh i f t  i n  the  h i s to ry  o f  soc ia l  sc ience .  
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3. The Job Demands-Resources model 
Occupat ional  s t ress research over  the past  s ix  decades has resu l ted in  d i f ferent  
theor ies and models  that  descr ibe the antecedents  and processes of  s t ress in  
organisat ions and the ind iv idual  and organisat ional  outcomes (see Cooper ,  1998 
and Sonnentag & Frese,  2003 for  an overv iew) .  Theor ies focus ing s t ress react ions 
that  are s t i l l  common in appl icat ion today inc lude e.g.  the Job Demands-Contro l  
model  (Karasek,  1979) ,  the Person-Envi ronment  F i t  model  (French,  Caplan & 
Harr ison,  1982;  Edwards,  Caplan & Harr ison,  1998) ,  the Ef for t -Reward Imbalance 
model  (S iegr is t ,  1996,  2002) ,  and the Vi tamin model  (Warr ,  1999) .  
The Job Demands-Contro l  model  ident i f ies  two cr i t ica l  job aspects  re lated to  job 
s t ra in:  job demands and job cont ro l  (Karasek,  1979) .  Whi le job demands refer  to  
sources of  s t ress (s t ressors)  such as work load demands,  job cont ro l  re fers  to 
dec is ion lat i tude,  i .e.  the worker ’s  potent ia l  cont ro l  over  h is  tasks and his  conduct  
dur ing a workday (Karasek,  1979) .  The Job Demands-Contro l  model  focuses on 
the interact ion between these two core job aspects  and postu la tes that  a 
combinat ion of  h igh demands and low cont ro l  causes job s t ra in .  
The Person-Envi ronment  F i t  model  assumes that  s t ress ar ises f rom mis f i t  between 
the person and the ( job)  env i ronment  (French,  Caplan & Harr ison,  1982;  Edwards,  
Caplan & Harr ison,  1998) .  Person-Envi ronment  F i t  models  have been descr ibed in 
d i f ferent  vers ions:  Person-env i ronment  f i t  focuses on the f i t  between employee’s  
needs and env i ronmental  suppl ies  and/or  on the f i t  between env i ronmenta l  
demands and ind iv idual  sk i l ls  and abi l i t ies  (Edwards,  Caplan & Harr ison,  1998) .  
The Ef for t -Reward Imbalance model  is  based on the concept  o f  rec iproc i ty.  I ts  
bas ic  assumpt ion is  that  e f for t  a t  work is  spent  as par t  of  a  soc ia l  exchange 
process in  wh ich th is  ef for t  is  compensated by occupat ional  rewards such as 
money,  esteem, and career  oppor tun i t ies  (S iegr is t ,  2002) .  The cent ra l  hypothes is  
o f  the model  postu lates that  the lack of  rec iproc i ty between costs  ( int r ins ica l ly and 
ext r ins ica l ly  mot ivated ef for ts)  and rewards leads to  a s ta te o f  emot ional  d is t ress 
and assoc iated s t ra in  react ions (S iegr is t ,  1996) .  
The Vi tamin model  re la tes job character is t ics  and employee wel l -be ing.  Warr  
(1990)  d is t inguishes three pr inc ipa l  axes of  employee wel l -be ing:  (1)  f rom 
d isp leasure to  p leasure (e .g.  job sat is fact ion) ,  (2)  f rom anxie ty to  comfor t ,  and (2)  
f rom depress ion to enthus iasm.  Warr  (1999)  acknowledges that  the three 
d imensions are in tercorre la ted,  but  have par t ly d i f ferent  causes and outcomes.  
The Vi tamin model  rece ived i ts  name because the in f luences of  job character is t ics  
on employees are proposed to be non- l inear ,  analogous to  the impact  o f  v i tamins 
on phys ica l  heal th  (Warr ,  2009) .  Some job character is t ics  are thought  to  a f fect  
we l l -be ing in  a  curv i l inear  way,  s imi lar  to  the ef fect  of  v i tamins A or  D on heal th .  
Other  job character is t ics  are assumed to fo l low a l inear  pat tern,  s imi lar  to  e f fects  
o f  v i tamins C or  E on heal th .  
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Whi le  these theoret ica l  models  have rece ived empir ica l  suppor t  (see Van der  Doef  
& Maes,  1999 for  the Job Demands-Contro l  model ;  Edwards et  a l . ,  1998 for  the 
Person-Environment  F i t  model ;  S iegr is t ,  2009 for  the Ef for t -Reward Imbalance 
model ,  and Warr ,  2009 for  the Vi tamin model ) ,  they have been cr i t ic ized for  the i r  
l imi tat ion to g iven and l imi ted sets  of  pred ic tor  var iab les that  may not  be re levant  
for  a l l  job pos i t ions.  Fur thermore,  the s tat ic  character  of  the models  is  a  re la ted 
po int  of  cr i t ique (Bakker  & Demerout i ,  2007) .  F ina l ly,  due to  the neglect  of  
resources,  models  of  s t ress have focused on the re la t ionship  between s t ressors  
and s t ra ins f rom a l imi ted perspect ive of  negat ive ef fects .  
 
In  an at tempt  to  overcome these l imi tat ions,  a group of  German and Dutch 
psycholog is ts  have developed the Job Demands-Resources (JDR) model  o f  
occupat ional  s t ress (Bakker  & Demerout i ,  2007;  Demerout i  e t  a l . ,  2001) .  Th is  
model  in tegrates a focus on negat ive job character is t ics  ( reduc ing job demands)  
wi th  a  focus on pos i t ive aspects  of  the work env i ronment  ( increas ing job 
resources)  wi th  regard to  employee wel l -be ing.  Stud ies suppor t  the propos i t ion 
that  job resources can increase leve ls  o f  work engagement  in  per iods of  h igh job 
demands (e.g .  Hakanen,  Schaufe l i  & Ahola,  2008)  and the Job Demands-
Resources model  was a s t ronger  pred ic tor  of  job sat is fac t ion and emot ional  
exhaust ion than e i ther  the Job Demands-Contro l  model  or  the Ef for t -Reward 
Imbalance model  (e.g .  Lewig & Dol lard,  2003) .  The Job Demands-Resources 
model  has proven i ts  robustness across d i f ferent  occupat ions and nat ional i t ies  
(L lorens,  Bakker ,  Schaufe l i  & Salanova,  2006) .  
 
The Job Demands-Resources model  (Bakker  & Demerout i ,  2007;  Demerout i  e t  a l . ,  
2001)  is  based on the assumpt ion that  a l l  work  act iv i t ies  are assoc iated wi th  
spec i f ic  r isk fac tors o f  job s t ress.  However ,  i t  pos i ts  that  job re levant  
env i ronmenta l  fac tors  can be c lass i f ied into  genera l  categor ies of  job demands 
and job resources.  Whereas occupat ions have the i r  own spec i f ic  r isk  factors  
assoc ia ted wi th  negat ive outcomes such as i l l  hea l th ,  d issat is fact ion,  or  
per formance,  these factors  can be c lass i f ied into  job demands and job resources.  
Thus,  th is  model  can be appl ied to d i f ferent  occupat ional  set t ings.  
Job demands refer  „ to those phys ica l ,  soc ia l ,  or  organizat ional  aspects  of  the job 
that  requi re susta ined phys ica l  or  menta l  ef for t  and are therefore assoc ia ted wi th  
cer ta in phys io log ica l  and psycholog ica l  costs  (e .g . ,  exhaust ion)“  (Demerout i  e t  a l . ,  
2001,  p.  501) .  Job demands are not  essent ia l ly  negat ive.  They turn into  s t ressors  
when they requi re  ext ra e f for t  and are therefore assoc ia ted wi th  h igh costs  
(Schaufe l i  & Bakker ,  2004) .  These costs  may e l ic i t  negat ive responses such as 
reduced wel l -be ing or  i l l  hea l th.  When faced wi th  s t ressors ,  workers  use s t rateg ies 
to  protect  the i r  per formance (Hockey,  1997)  and resources (Hobfo l l ,  1989)  (see 
chapter  4 .2) .  Examples of  job demands are work  pressure,  unfavourable  phys ica l  
env i ronments,  or  emot ional ly demanding in teract ions (Bakker  & Demerout i ,  2007) .  
Job resources refer  to „ those phys ica l ,  psycholog ica l ,  soc ia l ,  or  organizat ional  
aspects  of  the job that  are e i ther /or :  
  Funct ional  in  ach iev ing work goals .  
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  Reduce job demands and the assoc ia ted phys io log ica l  and psycholog ica l  
costs .  
  S t imulate  personal  growth,  learn ing,  and development“  (Bakker  & Demerout i ,  
2007,  p.  312) .  
Resources are thus not  on ly impor tant  for  deal ing wi th  job demands,  but  they are 
a lso impor tant  in the i r  own r ight  because they are means to protect  other  va lued 
resources (Bakker  & Demerout i ,  2007,  Hobfo l l ,  2002) .  Resources can be found at  
organisat iona l  leve l  (e .g.  pay,  career  oppor tun i t ies ,  job secur i ty) ,  the interpersonal  
leve l  o f  soc ia l  re la t ions (e .g.  soc ia l  suppor t ,  team c l imate) ,  a t  the leve l  o f  the 
organisat ion of  work  (e .g .  ro le  c lar i ty,  part ic ipat ion) ,  and at  the leve l  of  tasks (e .g.  
sk i l l  var iety,  ho l is t ic  task,  scope of  act ion)  (Bakker  & Demerout i ,  2007) .  
 
 
Figure 4.  The Job Demands-Resources model (Bakker & Demerouti ,  
2007, p.  313) 
Accord ing to  the Job Demands-Resources model  two d i f ferent  processes in  the 
development  of  job s t ra in  and mot ivat ion should be cons idered (F igure 4) :  (1. )  the 
heal th  impairment  process s tates that  poor ly des igned jobs or  chron ic  job 
demands (s t ressors)  exhaust  employees ’  mental  and phys ica l  resources.  Job 
demands lead to the deple t ion of  energy (e .g.  burnout ,  Demerout i  e t  a l . ,  2001)  and 
to  heal th  prob lems.  The process that  leads to  these negat ive outcomes is  based 
on the per formance protect ion s t ra teg ies that  ind iv iduals  use under  the in f luence 
of  env i ronmenta l  demands (Hockey,  1997) .  Per formance protect ion cons is ts  of  
greater  act ivat ion and/or  ef for t  and thus increases the phys io log ica l  costs  for  the 
ind iv idual .  (2 . )  The mot ivat ional  process postu la tes that  job resources have 
mot ivat iona l  potent ia l  and lead to  h igh work engagement  and per formance.  
Accord ing to  the def in i t ion of  resources they may p lay e i ther  an int r ins ica l ly 
mot ivat ing ro le  because they foster  employees ’  growth,  learn ing,  and 
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development ,  or  they can p lay an ext r ins ic  mot ivat ional  ro le because they are 
ins t rumenta l  in  ach iev ing work goals .  
The current  vers ion of  the Job Demands-Resources model  proposes that  the 
in teract ion between job demands and job resources is  impor tant  in addi t ion to  the 
main ef fects  o f  job demands and job resources (Bakker  & Demerout i ,  2007) .  
 
Wi th the two processes by which the s t ressor-s t ra in re la t ionship  occurs  descr ibed 
above and the i r  in teract ion,  the Job Demands-Resources model  in tegrates and 
expands prev ious models  of  s t ress and wel l -be ing and thus prov ides a new 
perspect ive on work and work env i ronments.  The JDR model  overcomes severa l  
l imi tat ions of  prev ious approaches:  (1 . )  In  cont rast  to the Job Demands-Contro l  
model  i t  cons iders  the main addi t ive ef fects  of  demands and resources instead of  
focus ing on the interact ion of  these factors .  Fur thermore,  the JDR model  suggests  
that  d i f ferent  outcomes are assoc ia ted wi th  demands and resources (Demerout i  e t  
a l . ,  2001) .  (2 . )  The JDR model  cons iders  both,  mot ivat ional  and energy-re la ted 
processes,  wh i le  prev ious models  focus on a combinat ion of  demands and the lack 
of  resources that  is  perceived as s t ressfu l  lead ing to exhaust ion and i l l  hea l th.  (3 . )  
The JDR model  is  more versat i le  because i t  is  not  l imi ted to a  spec i f ied set  o f  
pred ic tors ,  i .e .  spec i f ic  demands and ( lack ing)  resources for  a l l  occupat ions,  jobs,  
and employees.  Bakker  & Demerout i  (2007)  re fer  to  ev idence showing that  
research has revealed more var iables inf luenc ing heal th ,  wel l -be ing,  and 
per formance than is  captured by approaches such as the Job Demands-Contro l  
model  or  the Ef for t -Reward Imbalance model ,  e .g .  phys ica l  or  emot ional  demands.  
These extens ions of  prev ious perspect ives and the robustness of  the JDR model  
across d i f ferent  occupat ions make i t  appear  su i tab le  for  the s tudy of  work 
env i ronment  as composed of  phys ica l  sur roundings,  job des ign,  and soc ia l  
aspects .  
One of  the s t rengths of  the JDR model ,  namely i ts  versat i l i ty  may,  however ,  a lso 
be a weakness because i t  may g ive way to  arb i t rar iness in  var iab les cons idered.  
The JDR approach is  therefore needs to  be cons idered as a f ramework ra ther  than 
a theoret ical  model  and the content  o f  the JDR models  need to be def ined for  
spec i f ic  s tud ies.  Demands and resources in the Job Demands-Resources model  
are def ined in  funct ion but  not  in content  because they d i f fer  between d i f ferent  
occupat ions.  For  the analys is  o f  o f f ice work and phys ica l  work env i ronments ,  the 
e lements  o f  the env ironment  must  be c lass i f ied as demands/s t ressors  or  resources 
on theoret ica l  and/or  empir ica l  grounds.  
In  order  to develop contents  of  demands and resources on theoret ica l  grounds,  
act ion-regulat ion theory and an act ion-regulat ion approach to  s t ress and s t ra in  are 
in t roduced in  the fo l lowing chapter .  Act ion-regulat ion theory prov ides a theoret ica l  
bas is  for  the ident i f icat ion and spec i f icat ion of  job demands and resources.  
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4. Action theory 
The Hawthorne exper iments  (Roeth l isberger  & Dickson,  1939)  are a  mi lestone 
soc ia l  sc ience5.  The invest igators  set  out  to understand the ef fects  of  i l luminat ion 
on workers ’  per formance.  A group of  se lected employees moved to a spec ia l ly 
prepared space and worked under  varying l ight ing condi t ions.  The resu l ts  were 
surpr is ing:  regard less of  the d i rect ion and magni tude of  change in  l ight ing,  the 
work output  o f  the employees increased.  These resu l ts  led to  a seminal  ser ies  of  
s tud ies concern ing the re la t ionships between employers and employees.  The 
invest igators  rea l ised that  the spec ia l  exper imenta l  setup and ef fects  of  the soc ia l  
s i tuat ion,  such as in formal  re la t ionships between employees and invest igators ,  
were cruc ia l  for  the understanding of  the resu l ts .  The focus of  the invest igat ions 
thus was shi f ted f rom the work env i ronment  to the soc ia l  re la t ions.  I t  was 
conc luded,  that  the phys ica l  env i ronment  a t  work  was re la t ive ly un impor tant  
regard ing workers ’  per formance.  
This  conc lus ion,  however ,  is  based on the overs impl i f ied assumpt ion that  there is  
a  d i rect  cause-and-ef fect  re lat ionship  between phys ica l  condi t ions and human 
behaviour .  Because workers ’  output  was not  improved by changes in  l ight ing 
leve ls  but  by soc ia l  re la t ions,  the invest igators  assumed that  l ight  levels  were 
i r re levant  to per formance.  Psycholog is ts  now know that  there are complex 
cogni t ive processes that  mediate the ef fects  o f  phys ica l  condi t ions on human 
behaviour  (Frese & Zapf ,  1994;  McGrath,  1976;  Mi l ler ,  Galanter  & Pr ibram,  1960) .  
 
These cogni t ive processes can be analysed as in format ion process ing (Anderson,  
1995)  or  as a  component  of  human act ion (Ni tsch,  1985,  Roe,  1999) .  Thus,  a 
s imple behaviour is t ic  s t imulus-response approach is  too l imi ted to  exp la in  human 
act iv i t ies  and the i r  components  and act ions that  are mot ivated by h igher-order  
goals .  
Act ion theory is  concerned wi th  the processes that  intervene between 
env i ronmenta l  input  and behaviour :  the regulatory funct ions of  cogni t ion (Frese & 
Zapf ,  1994) .  Human act ion is  regarded as  regula ted by goals  in a  cybernet ic  
cont ro l  loop (Mi l ler  et  a l . ,  1960) .  A genera l  model  o f  human act ion can be 
descr ibed as an act ion cyc le  that  cons is ts  of  the fo l lowing s teps (Frese & Zapf ,  
1994;  Norman,  1988) :   
  percept ion of  the env i ronment ,  
  in terpreta t ion,   
  appra isa l  and goal  development ,   
  p lan generat ion,   
  dec is ion,  and  
  execut ion and moni tor ing of  the p lan.  
 
The act ion process is  thus fo l lowed by percept ions and process ing of  feedback 
leading to  a new cyc le  o f  or ientat ion and goal  development .   
                                                          
5 See  foo tno te  4 .  
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In  i ts  more genera l  formulat ion th is  approach assumes causal  re lat ions between 
the env ironment  and ind iv idual  react ions (F igure 5) .  I t  assumes that  ind iv iduals  
react  to  features of  the env i ronment  perceptua l ly,  a f fect ive ly,  and behav ioura l ly.  
The three components  o f  th is  model  form the bas is  of  much appl ied research in 
indust r ia l  and organisat ional  psychology (e .g .  Spector ,  1992)  and env i ronmenta l  
psychology (e .g.  Bel l ,  Greene,  F isher  & Baum, 2001) .  Outcomes in th is  model  may 
cons is t  of  behav iour  (e.g .  per formance) ,  a t t i tudes (e.g .  sat is fact ion) ,  cogni t ive 
resu l ts  (e .g.  learn ing) ,  or  emot ional  react ions (e.g .  mood) .  
 
 
 
Figure 5.  Tradit ional model of individual responses to organisational 
condit ions (Morgeson & Campion, 2003; Spector, 1992) 
There is  cons iderable ev idence for  th is  genera l  causal  cha in  (Spector ,  1992) .  
However ,  the in f luences of  the soc ia l  env i ronment  and person-re la ted var iab les 
such as personal i ty,  mood,  and d ispos i t ions on at t i tudes and outcomes should not  
be neglected when the main a im of  research cons is ts  in exp la in ing cer ta in  
behaviour .  In  th is  research the focus is  on the in f luences of  env i ronmenta l  aspects  
o f  of f ice des ign.  Soc ia l  and person-re lated in f luences are addressed to  a  lesser  
degree.  Genera l ly,  i t  is  assumed that  soc ia l  in f luences wi l l  be ba lanced over  the 
sample of  organisat ions analysed and that  person-re la ted ef fects  wi l l  be ba lanced 
in  the sample of  par t ic ipants  and i ts  subgroups6.   
 
The regulatory character  of  cogni t ions is  descr ibed in  the act ion- theoret ic  
f ramework by McGrath (1976)  (F igure 6) .  He d is t inguishes four  s tages in  human 
act ion:  The four-s tage c losed- loop cyc le  begins wi th  a  s i tuat ion that  can be 
descr ibed as a set  of  c i rcumstances in the soc io-phys ica l  env i ronment .  Th is  
s i tuat ion is  perce ived and assessed by the foca l  person.  Based on the subject ive ly 
perce ived and assessed s i tuat ion a response a l ternat ive is  chosen and executed 
wi th  the in tent ion of  changing the re la t ion to  the s i tuat ion in a  favourable  
d i rect ion.  That  response leads to consequences for  the foca l  person and the 
s i tuat ion.  
The four  s tages are connected by four  l ink ing processes which prov ide the 
substance for  exp la in ing human behaviour .  The appra isa l  process descr ibes the 
percept ion of  a s i tuat ion in  re la t ion to expectat ions and resu l ts  in  the exper ience 
                                                          
6 I n  s ta t i s t i ca l  t e rms  th i s  assumpt ion  i s  known as  the  Cen t ra l  L im i t  Theorem.  I t  s ta tes  tha t  
w i th  su f f i c i en t l y  l a rge  samp les  s izes ,  samp l ing  d i s t r i bu t ions  o f  means  a re  no rma l l y  
d i s t r i bu ted  (Tabachn ick  &  F ide l l ,  2007) .  
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of  a s i tuat ion.  The process l ink  between the perce ived s i tuat ion and response 
se lect ion is  a  dec is ion making process.  I t  cons is ts  in re la t ing the s i tuat ion to  
ava i lab le  a l ternat ives and choosing a response or  a set  of  responses in order  to 
deal  wi th  the undesi rab le  features of  the s i tuat ion.  The th i rd  process l ink  is  the 
per formance process which resu l ts  in  a  set  o f  behaviours.  The per formance 
process depends on ab i l i ty ,  task d i f f icu l ty,  mot ivat ion,  and s tandards used to 
assess per formance.  The four th process l inks the behaviour  wi th  i ts  
consequences.  In cont rast  to McGrath (1976)  not  on ly the consequences for  the 
s i tuat ion (outcome,  ef fec t ,  change)  are cons idered,  but  a lso the consequences for  
the foca l  person are cons idered.  These consequences concern eva luat ion of  own 
per formance,  learn ing,  and af fect ive react ions.  
 
Accord ing to  th is  f ramework the human-env i ronment  re la t ionship  is  cons idered as 
an in teract ion.  The act ions of  a person are not  determined by h is /her  env i ronment  
but  the person conceives opt ions and a l ternat ives regard ing the perce ived 
s i tuat ion and the poss ib le  course of  act ion.  Accord ing ly,  cogni t ions are both cause 
and ef fect  of  ac t ions.  
From a po in t  of  v iew of  act ion- theory,  the main content  of  these cogni t ions is  goal  
development ,  s ince act ion is  def ined as goal-d i rected behaviour .  Act ion is  
cons idered the smal lest  behavioura l  un i t  that  is  re la ted to  a consc ious goal .  The 
not ion of  goal  in tegrates mot ivat iona l  and cogni t ive aspects  (Locke & Latham, 
2002) :  Goals  serve a d i rect ive funct ion because they d i rect  at tent ion toward goal -
re levant  act iv i t ies  and away f rom i r re levant  ac t iv i t ies .  Goals  have an energ iz ing 
funct ion and h igh goals  have been shown to  lead to greater  e f for t  than low goals .  
F ina l ly,  goals  af fect  act ion ind i rect ly  by lead ing to  act ivat ion,  d iscovery,  and/or  
use of  task-re levant  knowledge.  
 
 
 
Figure 6.  Framework of human action (McGrath, 1976, modif ied) 
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L ike any theory about  human th ink ing,  act ion,  and learn ing,  the act ion theoret ical  
approach is  rooted in a spec i f ic  idea of  man.  The act ing man is  regarded as an 
act ive,  goal-or iented being that  consc ious ly deals  wi th  i ts  env i ronment .  In th is  
human-env i ronment  interact ion the env i ronment is  a l tered and at  the same t ime 
the actor  is  in f luenced by the env i ronment .   
Env i ronment  behav iour  in teract ions therefore a lso have to be analysed f rom a 
long- term perspect ive,  inc lud ing e.g.  the format ion of  a t t i tudes and the i r  ro le for  
behav iour .  Fur ther  long- term ef fects  concern heal th ,  wel l -be ing,  and soc ia l  
behav iour .  Thus,  an extens ion of  the t rad i t iona l  model  (F igure 5)  for  o f f ice  work  
env i ronments  is  adopted for  this  research.  Th is  model  is  based on Marans and 
Spreckelmeyer ’s  (1981)  work (F igure 7) .  
 
 
Figure 7.  Conceptual model of  environment-behaviour relat ionship 
(Marans & Spreckelmeyer, 1981, p.  22, modif ied) 
Percept ion and appra isa l  are combined because they occur  in  the same phase of  
the process but  a lso because they are act ive const ruct ions.  Accord ing to  Neisser  
(1976)  percept ion is  best  understood as a schema-based cyc l ica l  process.  The 
act ive schema d i rects  exp loratory perceptua l  act ion in the env i ronment .  The 
in format ion p icked up dur ing the exp lorat ion resu l ts  in modi f icat ions of  the 
schema.  The a l tered schema eventua l ly fac i l i ta tes the acquis i t ion o f  more 
in format ion and so on.   
Repeated act ion processes in the same env i ronment  leads to  the development  of  
a t t i tudes towards env i ronmenta l  objects  (Bargh,  2001;  Eagly & Chaiken,  1993) .  
The development  o f  a t t i tudes (e.g .  sat is fact ion)  and emot ional  react ions is  
in f luenced by processes of  percept ion and appra isa l .  At t i tudes and emot ional  
react ions in turn inf luence dec is ion making and behav iour  in the env i ronment  or  
set t ing and long- term react ions (e.g.  health) .  Thus the resu l ts  in  terms of  
product iv i ty and ef fect iveness of  people work ing in  of f ices are par t ly dependent  on 
the des ign of  the of f ice env i ronment .  
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A more detai led account  o f  the ef fects  o f  the work env i ronment  on work act iv i t ies  
and worker ’s  exper ience based on the act ion cyc le  (as descr ibed above)  is  
prov ided by the act ion regulat ion theory.  
4.1. Action regulation theory 
Act ion regulat ion theory has a long h is tory in  German work and organisat ional  
psychology (Hacker ,  1998;  Volper t ,  1982,  2003) .  The bas ic  tenet  of  th is  theoret ical  
approach is  that  work is  goal  d i rected.  Act ion regula t ion theory emphasizes the 
cogni t ive regulat ion of  act ions.  I t  “ re la tes remarkably we l l  to  cur rent  cogni t ive 
models  of  human act iv i ty”  (Roe,  1999,  p.  238)  and in tegrates severa l  theoret ica l  
approaches.   
Act ion regulat ion theory  a l lows the independent  def in i t ion of  resources ( regulat ion 
demands) ,  work load factors  ( regula t ion prob lems) ,  and heal th  (Duck i ,  2000) .  
Fur thermore,  ac t ion regula t ion theory focuses the in terp lay between the ob ject ive 
wor ld  and subject ive react ions and exper ience.  
For  these reasons,  act ion regulat ion theory is  cons idered as par t icu lar ly wel l  
su i ted for  jo in t  analys is  o f  work content  factors  and phys ica l  work env i ronment .  
4.1.1. The hierarchical-sequential model of 
action regulation 
Mil ler  et  a l .  (1960)  int roduced the concept  of  cybernet ic  regula t ion in act ion 
psychology and developed a model  that  forms the bas is  o f  cur rent  act ion 
regulat ion theor ies,  such as the German act ion regulat ion theory (Frese & Zapf ,  
1994) .  Accord ing to Mi l le r  et  a l .  (1960) ,  an actor  compares s i tuat ions or  s t imul i  
wi th  expectat ion parameters  or  p lans.  In the case of  incongruence he t r ies  to  
reach congruence through act ion.  He then compares the new s i tuat ion wi th  h is  
p lans and dec ides whether  new act ion is  needed in  order  to produce congruence.  
Such compar ison processes are model led as cybernet ic  TOTE (Test -Operate-Test -
Ex i t )  un i ts  (F igure 8)  that  can be in  nested h ierarch ica l ly (F igure 9) .  The 
cybernet ic  theory o f  ac t ion regula t ion models  the t rans la t ion of  goals  in to  p lans,  
the execut ion of  p lans through act ion and feedback.  The theory of  Mi l ler  and 
co l leagues (1960) ,  however ,  does not  spec i fy the act ion process .  I t  is  therefore 
not  ab le to exp la in  the in f luences of  an env ironment  that  may change goals  or  
p lans.  Fur thermore,  th is  model  is  not  ab le to capture mul t ip le  s imul taneous goals  
o f  an actor  ( that  may be achieved by one or  mul t ip le  act ions) .  
 
On the bas is  of  the cybernet ic  theory o f  act ion regulat ion the h ierarch ica l -
sequent ia l  model  o f  act ion regulat ion was proposed by German work psycholog is ts  
(Frese & Zapf ,  1994;  Hacker ,  1998;  Volper t ,  1982) .  I t  is  based on the assumpt ion 
that  human act iv i ty can be character ised as goal -or iented and consc ious.  Act ion is  
or iented towards a menta l ly ant ic ipated resu l t  and de l iberate ly regula ted towards 
th is  goal .   
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Figure 8.  Test-Operate-Test-Exit  (TOTE) Unit  (Mil ler et al . ,  1960) 
 
 
Figure 9.  The hierarchical structure of TOTE units (Mil ler et al . ,  1960) 
Addi t iona l ly ,  human act iv i ty is  cons idered as in tegrated in phys ica l  env i ronments 
and soc ieta l  contexts .  Despi te  th is  cons iderat ion of  context ,  phys ica l  env i ronments 
and condi t ions of  act ion are hard ly addressed f rom the perspect ive of  act ion 
regula t ion theory.  As an exp lanatory f ramework i t  is  usefu l ,  because act ion 
regulat ion theory addresses pr inc ipa l ly a l l  forms of  env i ronmenta l  demands.  
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Research and appl icat ion re la ted to  th is theory,  however ,  have main ly  focussed 
the des ign of  work tasks and learn ing (Hacker ,  2003) .  
 
The h ierarch ica l -sequent ia l  model  o f  act ion regulat ion descr ibes act ion f rom a 
process and a s t ructura l  po in t  o f  v iew.  The process component  focuses on the 
sequent ia l  aspects  of  act ion and the s t ructura l  component  re fers  to  i ts  h ierarch ica l  
organisat ion.  
 
The core uni t  of  act ion regulat ion is  a  cyc l ica l  un i t  comparable  to the TOTE-Uni ts  
developed by Mi l ler  e t  a l .  (1960) :  As a funct ion of  goal -set t ing,  ser ies o f  
t ransformat ions of  the env i ronment  are produced.  In  work contexts  goals  are in  
essence def ined by work tasks (as they are understood and in terpreted by the 
worker) .  The sequence of  t ransformat ions is  def ined through a pre l iminary run 
before per formance ( i .e .  the execut ion of  a  ser ies o f  t ransformat ions)  begins;  the 
t ransformat ions are queued to be worked through (Volper t ,  1982) .  Then feedback 
takes p lace and the degree of  goal -a t ta inment  is  examined.  I f  d i f ferences remain,  
t ransformat ions are repeated,  adapted,  or  the goal  is  modi f ied.  
F igure 10 shows Volper t ’s  model  of  the cyc l ica l  un i t .  The descending ar row and 
the s t ra ight  ar rows f rom le f t  to r ight  show the generat ing process of  
t ransformat ions (based on goal  G t ransformat ions T1 to  T4 are generated) .  These 
t ransformat ions are sequent ia l ly  worked through when the generat ing process is  
f in ished (curved ar rows) .  Af ter  the las t  t ransformat ion is  per formed,  feedback 
about  goal -a t ta inment  fo l lows (ascending ar row) .  I f  the ach ieved s ta te 
corresponds to the goal  the cyc l ica l  un i t  is  completed.  
 
 
 
Figure 10.  The cyclical unit  (Volpert ,  1982) 
Every cyc l ica l  un i t  is  par t  o f  a system that  is  composed of  mul t ip le  inter laced 
cyc l ica l  un i ts .  Complex act ion s t ructures emerge when mul t ip le  cyc l ica l  un i ts  are 
connected in  a  h ierarchica l  order  (F igure 11) .  On the lowest  leve l  base-uni ts  
represent  d i rect ly per formable operat ions and on the h ighest  leve l  a  peak-uni t  
represents  a  hypothet ica l  genera l  goal .  In  pr inc ip le  the number  o f  leve ls  and the 
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number  of  t ransformat ions is  arb i t rary but  there are psycholog ica l ly substant iated 
reasons to assume only three levels  (Frese & Zapf ,  1994;  Hacker ,  1998) .  In the 
h ierarch ica l -sequent ia l  model  o f  act ion regula t ion the fo l lowing three leve ls  of  
regulat ion are d is t inguished:  The sensor imotor  leve l  is  the lowest  leve l  o f  
regulat ion.  I t  conta ins s tereotyped and automated movement  sequences wh ich are 
executed wi thout  consc ious at tent ion (as long as they remain undis turbed by 
externa l  c i rcumstances) .  From a poin t  of  v iew o f  ac t ion regula t ion,  sensor imotor  
regulat ion is  the inter face between the act ing person and h is /her  phys ica l  
env i ronment .  Consc ious regula t ion occurs on the next  leve l ,  ca l led percept ive-
conceptua l  leve l .  Th is  is  the leve l  o f  f lex ib le  act ion pat terns where execut ion 
happens by means of  operat ion sequences learned before,  gu ided by percept ion of  
s ignals  that  have been learned before.  These act ion pat terns can be adjusted to 
the s i tuat ion and are access ib le to consc iousness.  Regulat ion on th is  leve l  is  not  
necessar i ly  consc ious,  though.  The h ighest  level  o f  regulat ion is  the in te l lec tua l  
leve l .  On th is  leve l  s i tuat ions are analysed and act ion sequences p lanned.  Act ions 
concerned wi th  prob lem so lv ing are regulated on th is  leve l  in  form of  analys is  o f  
goals  and env i ronmental  condi t ions,  dec is ion making and p lanning.  Regulat ion on 
th is  leve l  is  labor ious and resource- l imi ted.  I t  works in  a ser ia l  mode and feedback 
is  interpreted s tep by s tep (Frese & Zapf ,  1994) .  Regulat ion on the inte l lec tua l  
leve l  is  necessar i ly  consc ious.  
 
 
 
Figure 11. The hierarchical order of  cyclical  units (Volpert ,  1982) 
The h ierarch ica l -sequent ia l  model  o f  act ion regula t ion can be descr ibed as a 
model  o f  in ter laced cyc l ica l  un i ts :  a cyc l ica l  un i t  can be the t ransformat ion par t  of  
a  h igher  un i t .  Reverse ly ,  the t ransformat ion par ts  of  a cyc l ica l  un i t  can be 
descr ibed in i ts  s t ructure as a cyc l ica l  un i t .  In a  context  of  occupat ional  act iv i t ies ,  
the s tar t ing po int  for  act ions is  the work task (Hackman,  1969) .  With  complex 
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act ions h igher  order  goals  are formed and par t ia l  goals  and subgoals  are der ived.  
Thus,  a h ierarch ica l  ac t ion p lan in  form of  goals  and t ransformat ions develops.  
The execut ion of  act ions occurs  sequent ia l ly  in  the form of  operat ions that  change 
the env ironment .  Goal -a t ta inment  is  fed back to  the next  h igher  leve l .  The 
subgoals  are worked through in  a sequent ia l  order  (F igure 12) .  
 
 
 
Figure 12.  The hierarchical-sequential  organization of action (Volpert ,  
1982) 
For  the generat ion of  complex act ion systems the human abi l i ty  to  ant ic ipate goals  
is  cruc ia l  because i t  permi ts  the order ing of  t ransformat ion.  In  order  to p lan 
act ions,  menta l  “ rehearsa ls  of  ac t ions”  are per formed (Volper t ,  1982,  p.  43) .  Th is  
ant ic ipat ion (or  “ tentat ive act ion” ,  Volper t ,  1982,  p.  43)  takes p lace wi thout  
feedback f rom the actua l  env i ronment  and therefore requi res a menta l  
representat ion of  the env i ronment  and the poss ib i l i t ies  for  ac t ions wi th in .  Th is  
representat ion,  however ,  does not  have to be complete.  Only those issues that  are 
impor tant  for  the tasks are needed.  
In  the act ion process in i t ia l ly  on ly a  rough p lanning of  par t ia l  goals  takes p lace 
(Frese & Zapf ,  1994) .  The generat ion of  more deta i led sub-uni ts  occurs  
success ive ly.  Th is  impl ies  that  d is turbances can be corrected on the leve l  where 
they occur  and thus do not  necessar i ly negat ive ly impact  h igher  order  goals .  
Therefore,  unexpected env i ronmental  changes or  er rors  in  p lanning or  execut ion 
of  t ransformat ions do not  lead to d isrupt ions of  the pursu i t  of  a h igher  leve l  goal  
but  to  modi f icat ions or  repet i t ions of  lower- leve l  cyc l ica l  un i ts .  Thus the model  of  
h ierarch ica l -sequent ia l  organisat ion regulat ion a l lows the exp lanat ion of  s tab le 
long- term goal -or iented and at  the same t ime f lex ib le  act ions.  
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4.1.2. Regulation requirements 
Deal ing wi th  s imul taneous mul t i fac tor ia l  requi rements  in  work contexts ,  workers  
must  dec ide how they want  and can deal  wi th  these requi rements  in  order  to  work 
e f fect ive ly and ef f ic ient ly.  The regula t ion requirements are re la ted to proper t ies  o f  
the h ierarchica l -sequent ia l  organizat ion of  ac t ion (Frese & Zapf ,  1994) .  The main 
regula t ion requi rement  is  complex i ty.  Complex i ty descr ibes a set  o f  dec is ion 
necess i t ies .  Tasks and goals  wi th  a  h igh complex i ty requi re  a  h igh degree of  
regulat ion.  Complex i ty is  understood as an interact ive term and refers  to  a  
person’s  sk i l ls  in re la t ion to the necess i t ies  of  the s i tuat ion (Frese & Zapf ,  1994) .  
Dec is ion necess i t ies  are based the number o f  d i f ferent  goals ,  p lans,  and 
feedbacks that  have to  be regulated and organised in  t ime and the nature and 
number  of  re la t ionships wi th in  and between goals ,  p lans,  and feedback (Dörner  & 
Schaub,  1994) .  
 
In  cont rast  to  indust r ia l  regula t ion,  in  human actors  of ten mul t ip le  goals  are act ive 
s imul taneously (Hockey,  2000) .  Swi tch ing between goals  dur ing a workday is  thus 
a character is t ic  feature o f  human act ion.  However ,  in  order  to  at ta in impor tant  
goals ,  th is  f lex ib i l i t y  has to  be regulated by mainta in ing goals  as ant ic ipated fu ture 
s tates in the feedback process and to adapt  behaviour  accord ing to the 
d i f ferences of  the feedback process.   
Goal -or iented behaviour  a lways impl ies  the overcoming of  the natura l  tendency to  
swi tch to  other  goals  (Hockey,  2000) .  Th is  process impl ies  regula t ion costs  ( i .e.  
regula t ion ef for ts) .  The maintenance of  per formance under  unfavourable 
condi t ions is  connected wi th ext ra  regulat ion because the ef for t  to reduce 
d i f ferences of  the feedback process increases (greater  d i f ference or  more 
d i f ference)  and the d is t ract ion through mul t ip le goals  has to  be tack led.  A 
constant  ef fec t iveness of  act ion can be accompanied by reduced cogni t ive and 
emot ional  ef f ic iency.  Unfavourable condi t ions do not  normal ly in f luence the 
ef fect iveness of  act ions but  ef f ic iency deter iorates because unfavourable 
condi t ions requi re  compensatory cont ro l  (Hockey,  1997) .  Compensatory cont ro l  is  
a  per formance protect ion s t rategy –  an adapt ive regulat ion process that  suppor ts  
goals  wi th  h igh pr ior i ty a t  the expense of  goals  wi th  lower  pr ior i t ies .  
Compensatory cont ro l  is  a  response to externa l  threats  (e .g.  s t ressors)  by 
increas ing ef for t  and concentrat ing more on goals  cons idered impor tant .  The cost  
o f  th is  regula t ion may be decrements  in  non- foca l  aspects  of  tasks and a neglect  
o f  personal  needs and other  goals .  
 
Var ie ty o f  job content  is  an addi t iona l  ind icator  o f  regula t ion requi rements  re la ted 
to  job content  (Hackman & Oldham, 1975) .  From the po int  o f  v iew of  act ion theory,  
var ie ty descr ibes the amount  of  d i f ferent  act ions requi red by the task.  Var iety is  
independent  o f  complex i ty.  Hav ing many d i f ferent  tasks in a  g iven job impl ies 
var ie ty.  Therefore the amount  of  regulat ion h ierarch ies needed to do the job 
const i tu tes var ie ty (Frese & Zapf ,  1994) .  
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A th i rd  ind icator  o f  regulat ion requirements  is  the completeness of  ac t ion.  I t  re fers  
to  the completeness of  the act ion process in  terms of  s teps (goal  set t ing,  p lan 
development ,  p lan dec is ion making,  moni tor ing,  and feedback)  and in  terms of  
completeness of  the h ierarchy of  ac t ion regulat ion.  Act ions are cons idered 
complete in  the lat ter  sense when a person uses a l l  leve ls  of  regula t ion for  h is /her  
act ions (Frese & Zapf ,  1994;  Hacker ,  1998) .  
There is  hard ly any ev idence for  the ef fects  o f  completeness of  act ion on 
sat is fact ion or  per formance.  In most  empi r ica l  s tud ies,  on ly the sequent ia l  aspect  
o f  completeness is  measured and i t  is  understood in  the sense of  task ident i ty 
(Hackman & Oldham, 1975) ,  a  concept  that  rather  focuses doing a job f rom the 
beginn ing to a  v is ib le  outcome than on act ion regula t ion.  
4.1.3. Regulation possibilities 
Contro l  descr ibes the poss ib i l i t ies  ava i lab le  for  an actor  to have an impact  on the 
condi t ions and on h is /her  own act iv i t ies  in re la t ion to the goals  (Ganster  & 
Fus i l ie r ,  1989) .  In cont rast  to complex i ty as a  set  of  dec is ion necess i t ies ,  cont ro l  
descr ibes a set  o f  dec is ion poss ib i l i t ies  ( i .e.  a resource) .   
Both,  complex i ty and cont ro l  can be d is t ingu ished as subject ive and object ive.  
One of  the key assumpt ions of  act ion regula t ion theory is  that  people do not  
per form work tasks as they are g iven,  but  tasks as they are understood and 
redef ined (Hackman,  1969) .  The object ive task is  t rans lated in to a  subject ive task.  
Th is  t rans lat ion process invo lves accept ing the task and a redef in i t ion accord ing 
to  perce ived s i tuat ional  const ra in ts  and oppor tun i t ies  and personal  wishes.  This  
t rans lat ion process resu l ts  in  a process of  goal  development .  Accord ing ly,  
sub ject ive cont ro l  is  the perce ived cont ro l  in  a s i tuat ion.  The percept ion of  cont ro l  
is  dependent  on knowledge and sk i l ls  that  determine whether  ob ject ive dec is ion 
poss ib i l i t ies  are perce ived and whether  perce ived dec is ion parameters  can be 
rea l ised (Frese & Zapf ,  1994) .  
 
In  German act ion regulat ion theory the cruc ia l  concept  of  cont ro l  is  termed 
“Handlungsspie l raum” (Frese,  1989)  ( l i tera l ly  t rans la ted:  “scope of  act ion”) .  I t  
descr ibes the amount  of  regula t ion poss ibi l i t ies .  With in  the h ierarch ica l -sequent ia l  
model  a  large scope of  act ion can inc lude own goal -set t ing and work task 
def in i t ion.  A very low scope of  act ion can mean that  on ly dec is ions about  
execut ion of  a  task on sensor imotor  leve l  are poss ib le .  A number  of  s tud ies show 
that  job cont ro l  is  re lated to psycholog ica l  wel l -be ing (Frese,  1989;  Van der  Doef  
& Maes,  1999) .  Th is  is  espec ia l ly the case in  work ing condi t ions of  h igh demands 
and low cont ro l  (Karasek,  1979) .   
4.1.4. Regulation problems 
Classes of  regulat ion problems can be d is t inguished which act  as s t ressors 
because they d is turb the regula t ion of  act ion (Frese & Zapf ,  1994;  B.  Gre iner  & 
Le i tner ,  1989)  (F igure 13) .  Regulat ion prob lems can be task spec i f ic  ( task des ign) ,  
  45 
or  task un-spec i f ic  ( job and work des ign)  (Duck i ,  2000) .  They can be subdiv ided 
in to  regulat ion obstac les,  regulat ion uncer ta in ty,  and over tax ing regulat ion (Frese 
& Zapf ,  1994) .  Regulat ion obstac les or  barr iers  d i rect ly in f luence act ion regulat ion 
and requi re shor t - term react ions.  Regulat ion over tax ing in  cont rast  is  re la ted to  
cont inuous condi t ions that  reduce menta l  and phys ica l  per formance over  longer  
per iods (e.g.  the workday)  (B.  Gre iner  & Le i tner ,  1989) .  
 
 
 
Figure 13.  Classif ication of regulation problems (based on Frese & 
Zapf, 1994; B. Greiner & Leitner,  1989; Leitner,  1999) 
Regulat ion obstac les are condi t ions that  h inder  the accompl ishment  o f  work 
resu l ts  because they make i t  harder  or  imposs ib le  to pursue a goal  and to  regula te 
an act ion.  Regulat ion obstac les are s t ressors  because they requi re  addi t iona l  
e f for t  for  task complet ion.  They necess i ta te repet i t ion of  the act ion,  the making of  
detours ,  and/or  use up regulat ion capac i ty that  is  then subt racted f rom the main 
task.  
Regulat ion obstac les can be subdiv ided in  inter rupt ions and regulat ion d i f f icu l t ies  
(F igure 13) .  Inter rupt ions are unpredic tab le  outs ide events  (such as a computer  
breakdowns or  phone ca l ls )  that  d isrupt  an on-go ing act iv i ty.  In ter rupt ions are 
regula t ion obstac les because they force the actor  to  restar t  a  task or  because due 
to  inter rupt ions par ts  o f  the task a l ready completed may be lost .  Regulat ion 
d i f f icu l t ies  are condi t ions that  impede ef f ic ient  execut ion of  tasks.  They appear  
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when access to  task- re levant  informat ion is  unnecessar i ly  d i f f icu l t  or  when 
movements need ext ra  e f for t ,  for  example due to  inadequate too ls .  Regulat ion 
obstac les may have the i r  roots  in organisat ional  prob lems (e.g.  lack of  suppl ies)  
or  the soc ia l  env i ronment .   
Regulat ion uncer ta inty descr ibes a s tate  in which the actor  is  confused about  how 
to  ach ieve a goal  because he ’s  unable to determine which k inds of  p lans are 
usefu l  or  what  feedback can be t rus ted (Semmer,  1984) .  In th is  case not  a  lack of  
in format ion is  the cause,  but  ra ther  the incons is tency or  ambigu i ty o f  in format ion.  
 
Over tax ing regulat ion descr ibes a s ta te  of  over load due to overs t imulat ion re la ted 
to  requi red speed and in tens i ty o f  regulat ion.  T ime pressure or  quant i ta t ive 
over load of  the work ing memory or  concent rat ion,  for  example,  is  a typ ica l  
s t ressor .  In order  to  complete  a task,  more process ing resources have to be 
a l located to regula t ion and thus more ef for t  is  expended.  For  th is  c lass of  
regula t ion prob lems,  permanent  condi t ions of  t ime pressure or  bound at tent ion are 
character is t ic  as wel l  as  env i ronmenta l  condi t ions that  do not  const ra in work ing 
act iv i t ies  ( l ike regulat ion obstac les do)  but  exceed human per formance capaci t ies .   
Soc ia l  s t ressors  such as host i le  co l leagues,  conf l ic ts  wi th  co l leagues or  
superv isors ,  unfa i r  t reatment  by co l leagues or  superv isors ,  and a negat ive group 
c l imate can be cons idered as over tax ing regulat ion because they d iver t  at tent ion 
f rom the main tasks to thoughts  and worr ies about  soc ia l  re la t ions.  Thus soc ia l  
s t ressors  consume regulat ion capac i ty (Dunckel ,  1991) .  
 
Act ion regula t ion theory  assumes that  human beings act ive ly deal  wi th  the i r  
env i ronment .  Regulat ion requi rements  (complex i ty)  and corresponding regulat ion 
poss ib i l i t ies  (cont ro l )  lead to pos i t ive e f fects  ( i .e .  sat is fact ion)  because they 
address human needs such as a fee l ing of  competence or  pr ide over  ach ievement  
(Zapf ,  2002) .  On the other  hand,  regulat ion problems do not  address needs and 
impede goal  d i rected act ing.  Regulat ion prob lems thus act  as s t ressors .  
4.2. Action Regulation and Stress 
Stress is  a  concept  that  is d iscussed f rom var ious perspect ives.  Accord ing ly,  there 
are var ious def in i t ions of  s t ress.  At  least  three di f ferent  meanings of  the term can 
be d is t inguished (R.  L.  Kahn & Byos iere,  1992) :   
  St ress as a s t imulus or  env i ronmenta l  condi t ion.  Th is  perspect ive focuses the 
condi t ions that  e l ic i t  s t ress,  e .g.  job content  (Karasek & Theore l l ,  1990)  or  
phys ica l  work env i ronment  (G.  W.  Evans,  2001;  Sut ton & Rafael i ,  1987) .  
  St ress as a response.  From th is  perspect ive,  s t ress is  v iewed as a 
psycholog ica l  and/or  phys io log ica l  response to  some k ind of  threat  (Selye,  
1976) .  
  St ress as a mediat ional  process.  Th is  approach focuses on cogni t ive,  
mot ivat ional ,  and eva luat ive processes that  in tervene between the s t imulus 
and the response.  Accord ing to th is  approach,  s t ress react ions resu l t  f rom 
in teract ions between person and env i ronment  (Lazarus & Folkman,  1984) .  
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Af ter  years  o f  debate,  there is  a  factua l  consensus about  content  and processes of  
s t ress models  today (Beehr ,  1998;  Gre i f ,  1991;  Gre i f ,  Bamberg & Semmer,  1991) .  
The bas is  of  th is  consensus is  the cogni t ive,  t ransact ional  s t ress concept  of  
Lazarus (1966) .  
The t ransact ional  v iew of  s t ress denotes the genera l  process l ink ing s t ressors ,  
s t ra in and coping and thus has more explanatory power :  St ress ar ises f rom 
env i ronmenta l  demands that  exceed a person’s  perce ived resources and capaci ty,  
when the outcomes are impor tant  for  the person.  The cr i t ica l  var iab le in  the s t ress 
process is  the cogni t ive appra isa l  of  the s i tuat ion (Lazarus & Folkman,  1984) .  
Potent ia l ly  s t ressfu l  s t imul i  lead to d i f ferent  s t ress react ions in  d i f ferent  persons,  
depending on the i r  cogni t ive evaluat ion (appra isa l )  of  the s i tuat ion and the 
perce ived resources they have at  the i r  d isposal  to cope wi th  the s t ressfu l  
s i tuat ion.  The d i f ferent  react ions of  d i f ferent  people  to the same or  s imi lar  
s i tuat ion are a s t rong argument  for  a  mediat ional  or  t ransact ional  v iew of  
(psycholog ica l )  s t ress (Warr ,  2005) .  
Two types of  appra isa l  occur  in  the s t ress process:  Pr imary appra isa l  re fers  to  the 
eva luat ion of  an env i ronmenta l  demand or  event  regard ing a foca l  person’s  wel l -
be ing.  Secondary appra isa l  is  an evaluat ion of  in terna l  and externa l  resources for  
coping wi th  the env ironmenta l  demand or  event .  Pr imary and secondary appra isa ls  
do not  necessar i ly  occur  ser ia l ly .  On the cont rary,  i t  can be assumed that  the two 
evaluat ions s t rongly in f luence each other .  Fo l lowing these evaluat ions coping 
behaviour  s tar ts .  The coping behaviour  refers  to  two th ings.  F i rs t  i t  re fers  to the 
s t ress-generat ing prob lem,  e .g.  the handl ing of  an addi t iona l  task.  Second,  i t  
re fers  to  deal ing wi th  the emot ions act ivated in th is  process.  Coping wi th  s t ressfu l  
demands or  events  thus leads to addi t iona l  demands that  can aggravate the 
s i tuat ion in the case of  inappropr ia te  assessment  of  the problem s i tuat ion or  
inef fect ive coping at tempts (Schönpf lug,  1983) .  Thus,  cop ing takes ef for t  and 
thereby produces fa t igue and consumes resources.  Accord ing to Hockey (1997)  
compensatory cont ro l  model ,  ind iv iduals  use per formance-protect ion s t ra teg ies 
when deal ing wi th  env i ronmenta l  s t ressors .  Per formance protect ion is  rea l ised 
through increased subject ive ef for t  (psycholog ica l  process)  and/or  sympathet ic  
act ivat ion (phys io log ica l  process) .  The greater  the act ivat ion,  the greater  the 
costs  for  the ind iv idual .  Shor t - term e f fects  of  compensatory cont ro l  in  the 
regulat ion of  per formance under  s t ress consis t  in  inef f ic ient  s t ra teg ies.  Long- term 
ef fects  may be a dra in ing of  energy and a s tate  o f  exhaust ion.  
 
Accord ing to  the t ransact ional  v iew,  s t ress is  seen as a product  of  the complex 
and dynamic t ransact ion between the person and the env i ronment ,  rather  than a 
product  o f  one of  these components  on i ts  own.  
I t  can be assumed that  ind iv iduals  possess d i f ferent  cop ing s t rateg ies and 
competences and that  they eva luate s i tuat ions d i f ferent ly (Semmer,  2003) .  Thus 
not  on ly the t ransact ions,  but  a lso the demands and consequences in s t ress 
s i tuat ions vary s t rongly .  These qual i ta t ive d iverse combinat ions and ef fects  o f  
t ransact ions between actor  and env ironment  increase the complex i ty and dynamics 
of  Lazarus ’  t ransact ional  s t ress model  to a  degree that  make the empir ica l  
  48 
examinat ion methodolog ica l ly near ly  imposs ib le  (Gre i f ,  1991) .  In order  to  
comprehensive ly test  the model ,  i t  would for  each hypothet ica l  s t ressor  be 
necessary to  spec i fy a l l  theoret ica l ly th inkable ind iv idual ly moderat ing coping 
s t rateg ies or  competences,  and evaluat ions.  Such a procedure would inc lude so 
many d imens ions and interact ions that  a lmost  arb i t rary causal  hypotheses could  
be der ived.  
The so lu t ion to th is  problem l ies  in  a more deta i led spec i f icat ion of  the causal  
hypotheses in  the t ransact ional  model .  Th is  seems to be poss ib le  for  the 
appl icat ion domain “workp lace” .  The s imple hypothes is  that  ob ject ive work 
s t ressors  cor re la te wi th  sub ject ive d isorders is  empir ica l ly we l l  conf i rmed in  cross-
sect ional  and longi tud ina l  analyses as wel l  as  when moderators  (such as cont ro l )  
are taken into  cons iderat ion (Gre i f  et  a l . ,  1991;  Sonnentag & Frese,  2003) .  Thus,  
a  reduct ion of  the t ransact ional  model  is  near  a t  hand for  th is  domain.  
 
The core of  the reduced t ransact ional  model  for  the workp lace-domain is  the 
concept  o f  s t ressors.  St ressors are job or  work features that  increase the 
probabi l i ty  o f  s t ress react ions and s t ress-re la ted outcomes (R.  L .  Kahn & 
Byos iere,  1992,  Semmer,  McGrath & Beehr,  2005) .  St ressors  are not  def ined on 
the ind iv idual  leve l  but  on the leve l  o f  populat ions.  Each ind iv idual  perce ives the 
same object ive env i ronment  somewhat  d i f ferent ly and s t ressors  do not  lead to 
s t ress react ions in  every ind iv idual .  L ike some people are more res is tant  to  
in fect ions than others ,  some people are more res is tant  to cer ta in s t ressors  than 
others .  St ressors  therefore are cons idered as r isk  factors  and not  as determinants  
o f  s t ress react ions and outcomes.  St ress react ions are ind icated in one or  more of  
the fo l lowing s igns:  verba l  repor ts  o f  be ing s t ressed or over taxed or  the l ike;  
observable behaviour ,  and phys io log ica l  s igns (Semmer et  a l . ,  2005) .   
St ress- re la ted outcomes can be ident i f ied a t  var ious leve ls  (Semmer et  a l . ,  2005) :  
on the psycholog ica l  leve l ,  d i f ferent  outcomes have been discussed,  inc lud ing 
depress ion,  psychosomat ic  compla ints,  exhaust ion,  and d isengagement .  On the 
phys io log ica l  leve l ,  work  re lated s t ress has been shown to  act  as a cofactor  in  the 
increase of  r isk for  cardiovascular  d iseases,  u lcer ,  musculoskeleta l  pa in ,  and 
genera l  morb id i ty.  On the soc ia l  leve l ,  d imin ished soc ia l  resources and conf l ic t  are 
re la ted to s t ress.  On the behav ioura l  leve l ,  heal th- re levant  behaviours  such as 
phys ica l  act iv i ty,  substance abuse,  and nut r i t ion have been re lated to  s t ress.  
Fur thermore,  job per formance is  reduced under  condi t ions of  chronic  s t ress,  
main ly due to  reduced contextua l  per formance.  This  facet  of  ind iv idual  work 
per formance refers  to the wi l l ingness to engage in  act iv i t ies  go ing beyond 
immediate job dut ies such as he lp ing co-workers  and suppor t ing the i r  wel l -be ing,  
invest ing t ime beyond formal  requi rements,  fo l lowing organ isat ional  ru les and 
procedures,  and the l ike (Borman & Motowid lo ,  1997) .  
St ressors may lead to outcomes on any one or  more of  these leve ls  and i t  is  
d i f f icu l t  to  know a pr ior i  which s t ressor  is  l ike ly to  have spec i f ic  ef fec ts .  There is ,  
however ,  theoret ica l  and empi r ica l  ev idence for  the genera l  propos i t ion that  
chron ic  exposure to  psychosoc ia l  s t ressors can create s ign i f icant  heal th  prob lems 
(Ganster  & Murphy,  2000) .  
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The s t ressor-as- job features approach of  s t ress has a good empir ica l  bas is :  
Summar iz ing severa l  s tud ies,  Frese and Zapf  (1999)  s ta te that  cor re la t ions 
between ob ject ive work s i tuat ions and i l l -hea l th are wel l  es tab l ished.  Fur thermore,  
there is  ev idence that  s t ress percept ions act  as  mediators  ra ther  than moderators  
(Frese & Zapf ,  1999) .  
 
The job features approach of  s t ress (as descr ibed above)  accepts  that  measures 
of  job s t ressors  and other  work condi t ions are a l l  b iased because they are 
af fected by personal  fac tors  (Spector ,  1992) .  However ,  i f  se l f - repor t  measures of  
s t ress are cons idered to  ref lec t  indiv idual  percept ions of  the env i ronment ,  
personal  factors  are rea l  causes of  the under ly ing const ruct  o f  in terest ,  v iz .  
percept ions.  Personal  factors  thus are cons idered as an e lement  o f  the s t ress 
ep isode or  s t ress react ions that  cannot  be e l iminated f rom measurements  
(Spector ,  Zapf ,  Chen & Frese,  2000) .  A t tempts  to ident i fy ind iv idual - leve l  
var iab les and the i r  in f luences and in teract ions wi th  externa l  fac tors  in  s t ress 
ep isodes are on ly in  an ear ly s tage of  theory and research and resu l ts  are 
inconc lus ive (Semmer,  2003) .  Job or iented analyses genera l ly seem to resu l t  in  
more cons is tent  f ind ings than person or iented analyses.  Farre l l  and Stamm (1988)  
for  example conducted a meta-analys is  that  shows that  job or iented theor ies are 
empir ica l ly bet ter  based in  exp la in ing absenteeism than person or iented factors  
such as age,  sex,  or  job sat is fact ion.   
 
Thus,  whi le  in  cogni t ive theor ies o f  s t ress (e.g .  Lazarus & Folkman,  1984)  the 
concept  o f  appra isa l  is  cent ra l  for  the examinat ion of  the re la t ionship  between the 
person and the i r  work env i ronment ,  the t rad i t ion of  work and job des ign 
emphasizes ob ject ive7 character is t ics  of  jobs.  The reasons for  th is  emphasis  on 
ob ject iv i ty are twofo ld :  f i rs t ,  i t  is  rooted in the theoret ica l  t rad i t ion of  ac t ion 
regulat ion theory that  a ims at  cont r ibut ing to  job des ign.  Second,  there is  
empi r ica l  ev idence of  cor re la t ions between ob ject ive work character is t ics  and 
ind iv idual  heal th  and wel l -be ing.  From a pract ica l  po in t  o f  v iew,  the reason for  
emphasiz ing the ob ject ive nature of  work and work env i ronments  is  that  work and 
env i ronmenta l  des ign is  usual ly accompl ished wi thout  tak ing ind iv idual  fac tors  in to 
cons iderat ion (Zapf ,  1993) .  Whi le ind iv idual  appra isa l  is  obv ious ly un ique,  i t  is  not  
id iosyncrat ic  (Semmer e t  a l . ,  2005) .  I t  is  therefore poss ib le to ident i fy pat terns in 
the way people appra ise spec i f ic  work condi t ions.  Th is  is  par t icu lar ly so wi th  
pat terns that  re la te to the way in  that  the workp lace is  seen to threaten a person’s  
heal th  and wel l -be ing.  
 
In  terms of  act ion regulat ion theory s t ressors are equal ised wi th  regulat ion 
problems (Frese & Zapf ,  1994;  B.  Gre iner  & Lei tner ,  1989) .  Regulat ion prob lems 
act  as s t ressors  and impai r  work per formance because they requi re ext ra  
regulat ion ef for ts .  Th is  addi t ional  regulat ion ef for t  in  turn can lead to  over tax ing of  
regulat ion and lead to  s t ress react ions and s t ress- re lated outcomes.   
                                                          
7 Ob jec t i ve  charac te r i s t i cs  o f  j obs  a re  no t  necessar i l y  phys ica l  cha rac te r i s t i cs .  Ra the r ,  
ob jec t i ve  charac te r i s t i cs  a re  conce ived  as  independen t  o f  a  spec i f i c  pe rson ’s  cogn i t i ve  
and  emot iona l  p rocess ing  and  a re  in te r - i nd i v idua l l y  ag reed  phys ica l  o r  soc ia l  f ac ts  (F rese  
&  Zap f ,  1988) .  
  50 
This  approach a l lows for  a conceptua l izat ion of  s t ressors  that  is  not  dependent  on 
worker  appra isa l  but  does not  omit  menta l  processes in  genera l .  St ressors are 
condi t ions that  inter fere or  are incompat ib le  wi th  menta l  regula t ion processes such 
as in format ion process ing,  p lanning,  and movement  execut ion.  
Approaches to work and job analys is  and des ign focus on work tasks and 
organisat ional  condi t ions.  The phys ica l  env i ronment  has rece ived considerably 
less at tent ion in  th is  t rad i t ion (O ldham, 1996;  S.  Parker  & Wal l ,  1998) .  
 
 
 
Figure 14. Stress model (based on Greif ,  1991, Oesterreich, 1999, 
Frese, 1989) 
The concept  o f  psycholog ica l  s t ress a l lows for  an extens ion of  the job and work 
des ign l i tera ture towards the analys is  and des ign of  the phys ica l  env i ronment .  I t  
encompasses not  on ly shor t - term st ress ep isodes but  emphasizes long- term 
impacts  on heal th  and wel l -be ing.  Fur thermore,  i t  acknowledges the poss ib le  
in f luence of  moderat ing var iab les such as cont ro l  (e.g .  job dec is ion lat i tude or  
env i ronmenta l  cont ro l )  or  soc ia l  support  (F igure 14) .  In  s t ress research,  the 
moderat ing ef fects  of  cont ro l  and soc ia l  suppor t  are empir ica l ly wel l  conf i rmed;  
research on other  moderator  var iab les is inconc lus ive (Semmer et  a l . ,  2005) .  
4.3. Environmental stress and comfort 
Research on workp lace s t ress has focused on psychosoc ia l ,  organisat ional ,  and 
job des ign aspects  but  large ly ignored the potent ia l  ef fects  o f  the phys ica l  
env i ronment  (V ischer ,  2007b) .  Env i ronmenta l  s t ressors  can be c lass i f ied in to 
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env i ronmenta l  condi t ions and person-based env i ronmenta l  var iab les (Baron,  1994;  
Haynes,  2007;  Sut ton & Rafae l i ,  1987) .  These s t ressors are d iscussed in  more 
deta i l  in  chapter  6 .  
Poor  env i ronmenta l  qual i ty can have d i rect  and ind i rect  consequences for  
ind iv iduals ’  heal th  (Cox & Cox,  1993) .  Di rect  phys ica l  consequences are produced 
by tox ins and other  hazards.  Ind i rect  consequences are psycho-phys io log ica l ly 
mediated,  i .e .  a poor  f i t  between the phys ica l  env i ronment  and the ind iv idual  can 
lead to s t ress because addi t iona l  ef for t  to  make accommodat ion is  needed.  
Env i ronmenta l  s t ressors  inter fere wi th  menta l  regulat ion processes and/or  
consume resources that  o therwise would be used for  task re la ted act iv i t ies .  In  
terms of  the act ion-regulat ion theory descr ibed above,  env i ronmenta l  s t ressors  act  
as regulat ion prob lems because they impede goal -d i rected regulat ion.  Therefore,  
env i ronmenta l  s t ress leads to  f rust rat ion and d issat is fact ion.  Endanger ing the 
fu l f i lment  o f  accepted tasks has been found to be exper ienced as s t ressfu l  and 
tends to corre la te  wi th  psychosomat ic  symptoms (B.  A.  Greiner ,  Ragland,  Krause,  
Syme & F isher ,  1997;  Le i tner  & Resch,  2005;  Semmer,  Zapf  & Gre i f ,  1996) .  
Ev idence of  the (smal l )  negat ive ef fects  o f  s i tuat ional  const ra in ts  ( i .e.  regula t ion 
prob lems)  on per formance and sat is fact ion is  repor ted by (O'Connor ,  Peters ,  
Pooyan,  Weekley,  Frank & Erenkrantz ,  1984) .  
 
Act ion-regulat ion theory  has main ly been appl ied in  order  to s tudy negat ive 
aspects  of  work ,  spec i f ica l ly s t ress.  Act ion- regula t ion theory,  however ,  does a lso 
cons ider  pos i t ive aspects such as learn ing and ind iv idual  development  through 
act ing (and therefore values complex i ty o f  work tasks h igh) .  The two foc i  on s t ress 
and learn ing do not  a l low the assessment  of  pos i t ive e f fects  o f  the phys ica l  work 
env i ronment .  The theoret ica l  f ramework therefore has to be completed wi th  an 
approach that  permits  the s tudy of  env i ronmenta l  impacts  that  lead to h igher  wel l -
be ing,  bet ter  heal th,  or  h igher  per formance.  The absence of  regulat ion prob lems 
or  s t ressors  does not  fu l f i l  human needs.  Workers  need not  on ly f reedom f rom 
regulat ion prob lems but  want  env i ronmenta l  suppor t  for  the act iv i t ies  they per form.  
The concept  that  captures these aspects  is  env i ronmenta l  comfor t  (V ischer ,  2005,  
2007b) .  Env i ronmenta l  comfor t  conta ins the sat is fact ion wi th  the re lat ionsh ip  
between ind iv idual  goals  and phys ica l ,  funct ional ,  and psycholog ica l  aspects  o f  
the phys ica l  work  env i ronment .  I t  l inks the assessments  o f  o f f ice env i ronments  by 
the i r  users  to  outcomes such as per formance and wel l -be ing.  
The exper ience of  comfor t  is  understood as gu ided by s imi lar  regulatory 
mechanisms as s t ress.  Comfor t  is  thus not  a phys io logy-or iented concept  of  
neut ra l  sensat ion (sensu Fanger ,  1970)  but  of  neut ra l  regula tory demands f rom the 
phys ica l  env i ronment .  Comfor t  is  thus conceived as a psycholog ica l  concept .  The 
measurement  of  comfor t  should focus on sat is fact ion wi th  comfor t  because the 
concept  o f  sat is fact ion should re la te to longer  per iods of  t ime than sensat ion.  
Thus,  whi le  sensat ion may be an adequate measure in laboratory s tud ies,  
sat is fact ion is  cons idered more appropr ia te in f ie ld  s tud ies.  Sat is fact ion wi th  
aspects  of  env i ronmental  comfor t  inc ludes the poss ib i l i ty  o f  ind iv idual  adaptat ion 
to  env i ronmenta l  condi t ions in  order  to ach ieve comfor tab le leve ls  (Nico l  & 
Humphreys,  2002) .  Fur thermore,  conceptua l iz ing comfor t  as  sat is fact ion 
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acknowledges the mul t id imensional  nature of  comfor t .  In  an empi r ica l  s tudy of  
seat ing comfor t ,  for  example,  (Zhang,  1996)  seat ing comfor t  was found to be 
based on a sense of  we l l -be ing,  re l ie f ,  and re laxat ion,  as wel l  as  on the 
appearance of  the chai r .   
4.4. Theoretical implications and research model 
The Job Demands-Resources model  (Bakker  & Demerout i ,  2007;  Demerout i  e t  a l . ,  
2001)  postu la tes that  job re levant  env i ronmental  fac tors  can be c lass i f ied in to 
genera l  categor ies:  job demands and job resources.  
Job demands refer  to  aspects  o f  the job that  requi re  phys ica l  or  menta l  e f for t .  Job 
demands are therefore assoc ia ted wi th  phys io log ica l  and psycholog ica l  costs .  Job 
resources on the other  hand re fer  to  aspects o f  the job that  are funct ional  in  
ach iev ing work goals ,  reduce demands and the assoc ia ted costs ,  and s t imulate  
personal  development .  
 
From the theoret ica l  perspect ive of  act ion-regulat ion,  s t ressors are def ined as 
regulat ion prob lems.  In  the Job Demands-Resources model ,  job demands are 
def ined as those phys ica l ,  soc ia l ,  or  organisat iona l  aspects  of  a job that  requi re  
phys ica l  or  menta l  ef for t .  The greater  the ef for t  needed,  the greater  the 
phys io log ica l  and psycholog ica l  costs  for  the ind iv idual  (Demerout i  e t  a l . ,  2001) .  
Poor ly des igned jobs,  work env i ronments ,  or  chron ic  job demands exhaust  
employees ’  resources and lead to  exhaust ion,  heal th  prob lems,  and d iscomfor t .  
The character is t ics  o f  demands leading to these prob lems are descr ibed as 
s t ressors .  
The genera l  taxonomy of  regulat ion prob lems (F igure 13)  can be t rans lated into  a 
taxonomy of  regula t ion prob lems for  of f ice work that  is  re la ted to  the phys ica l  
o f f ice env i ronment  (F igure 15) .   
Regulat ion obstac les are condi t ions that  make i t  harder  or  imposs ib le  to  pursue a 
goal  or  to regula te  an act ion.  They are d i rect ly re la ted to  the task.  Regulat ion 
obstac les have a negat ive in f luence on otherwise in tact  act ion (Zapf ,  1993) .  The 
subcategory o f  regulat ion d i f f icu l t ies  refers to  condi t ions that  impede ef f ic ient  task 
execut ion.  In  o f f ice work  such condi t ions are no ise (Le i tner ,  Lüders,  Gre iner ,  
Duck i ,  N iedermeier  & Volper t ,  1993) ,  inef fect ive des ign of  workspaces,  and 
crowding (Schul tz-Gambard,  Feierabend & Hommel ,  1988) .  Noise requi res h igher  
concent rat ion,  e.g .  for  an ind iv idual ’s  own te lephone ca l ls .  Inef fect ive workspace 
may impede task execut ion on the level  o f  movements (spat ia l  barr iers ,  
dysfunct ional  ar rangements) .  Crowding is  assoc ia ted wi th  excess ive s t imulat ion,  
scarce resources,  and behavioura l  const ra in ts  and aggravated act ion regulat ion.  
The second subcategory o f  regulat ion obstac les re fers  to  in ter rupt ions.  In  o f f ice 
set t ings,  the main source of  inter rupt ions and dis t ract ions are other  people (Jet t  & 
George,  2003) .  
 
Over tax ing regulat ion refers  to  speed and in tens i ty o f  regulat ion and the r isk  of  
phys io log ica l  and psycholog ica l  over load.  Condi t ions be longing in  th is  category 
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are t ime pressure and concent rat ion necess i ty (Zapf ,  1993)  as task inherent  
fac tors .  Fur thermore env i ronmenta l  fac tors  such as no ise,  c l imate,  l ight ing,  indoor  
a i r  qual i ty,  and ergonomics are task unspeci f ic  r isk  factors  for  over load or  
overs t imulat ion (e .g.  Sundst rom,  1986) .  In re lat ion to the soc ia l  env i ronment ,  
prob lemat ic  soc ia l  re la t ions due to  conf l ic ts  may over tax regulat ion.  Thoughts  and 
worr ies  about  soc ia l  re la t ions d iver t  at tent iona l  resources f rom work tasks.  I t  is ,  
however ,  quest ionable,  whether  soc ia l  re la t ions should be cons idered as a 
regulat ion prob lem or  as  an outcome of  job des ign or  both (Clegg & Spencer ,  
2007) .  Soc ia l  dens i ty is  a  second factor  of  the soc ia l  env i ronment  that  is  re levant  
for  over tax ing regulat ion.  Soc ia l  dens i ty is  assoc ia ted wi th  overs t imulat ion and 
impai rs  focus ing and concentrat ing ab i l i t ies  (Oldham & Rotchford,  1983) .  
 
 
 
Figure 15. Regulat ion problems in off ice work 
Noise appears as a s t ressor  in  two d i f ferent  ways.  F i rs t ,  no ise acts  as a regulat ion 
d i f f icu l ty for  spec i f ic  tasks requi r ing ext ra e f for t .  Second,  no ise may over tax 
regulat ion as a task unspeci f ic  s t ressor  that  leads to  cogni t ive overs t imulat ion.  
Task unspec i f ic  s t ressors  do not  requi re  ext ra regula t ion ef for t  but  have to be 
borne by the job incumbents .  
 
Regulat ion uncer ta inty descr ibes a s tate  in which an actor  is  confuse about  how to  
ach ieve a goal  because he ’s  unable to determine which k inds of  p lans are usefu l  
or  what  feedback can be t rusted (Semmer,  1984) .  Th is  concept  is  s t rongly 
assoc ia ted wi th  qual i ta t ive over load,  a s ta te that  is  character ised by excess ive 
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requi rements  on work ing memory as much as too many p ieces of  informat ion must  
be kept  in memory s imul taneously and for  too long per iods of  t ime.  
 
The Job Demands-Resources model  assumes that  resources have mot ivat iona l  
potent ia l .  Resources are impor tant  for  deal ing wi th  job demands,  but  they are a lso 
impor tant  in the i r  own r ight  because they are means to protect  o ther  valued 
resources.  Thus,  resources have an ins t rumenta l  and an in t r ins ic  va lue.   
From the perspect ive of  act ion-regulat ion theory,  the far  most  impor tant  resource 
is  cont ro l .  Cont ro l  – or  scope of  act ion for  the act ion-regulat ion theory term – 
descr ibes the amount  of  regula t ion poss ib i l i t ies  an ind iv idual  worker  has.  A 
second resource is  soc ia l  suppor t ,  a  concept  that  has been shown to  buf fer  
negat ive ef fects  o f  work s t ressors in  many s tudies (R.  L .  Kahn & Byos iere,  1992;  
Van der  Doef  & Maes,  1999) .  A l though soc ia l  suppor t  is  not  der ived f rom act ion-
regulat ion theory (which has an indiv idual is t ic  cogni t ive focus)  i t  is  usual ly 
cons idered in  act ion- regula t ion based research on work s t ress,  wel l -be ing,  and 
heal th  (Frese,  1995) .Tak ing in to account  the phys ica l  env i ronment ,  fur ther  
resources can be ident i f ied.  Pr ivacy and cont ro l  over  the own phys ica l  
env i ronment  are two facets  o f  autonomy that  are l ike ly to  act  as ins t rumenta l  
resources (De Croon,  S lu i ter ,  Kui jer  & Fr ings-Dresen,  2005) .  Fur thermore,  comfor t  
may p lay a  ro le  as an int r ins ica l ly va lued resource.  
 
The Job Demands-Resources model  assumes that  both job demands and 
resources ef fectuate main ef fects .  Addi t iona l ly ,  the model  proposes an in teract ion 
between job demands and job resources.  Th is  in teract ion is  re levant  for  the 
postu la ted outcomes,  job s t ra in  and mot ivat ion.  The in teract ion between job 
demands and resources cons is ts  in a  buf fer ing ro le  o f  resources for  job demands 
(Bakker  & Demerout i ,  2007) .   
In  order  to ident i fy the contents  of  the Job Demands-Resources model  in  re la t ion 
to  the phys ica l  work  env i ronment  on the bas is  o f  the theoret ica l  cons iderat ions 
presented above,  the l i te ra ture on of f ice and work des ign is  rev iewed in  chapters  
5  to 7 .  
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5. Outcomes of office and work design 
Work systems are composed of  work tasks,  s t ructures,  processes,  workp laces and 
work env i ronments .  From the perspect ive of  organisat ional  development ,  the 
des ign of  phys ica l  work env i ronments  and the re la t ionship  between in ter ior  des ign 
and the other  e lements  o f  work sys tems are acknowledged (Becker  & Stee le ,  
1995;  Porras & Rober tson,  1992)  but  not  integrated in theory and research.  
From a soc io- technica l  systems perspect ive,  work and organisat ional  des ign 
should a im for  both,  economic and employee-re la ted goals .  Thus,  product iv i ty and 
qual i ty o f  work  l i fe  are cons idered s imul taneously.  Organisat ions have cont ro l  over  
e lements  that  have impacts  on both sat is fact ion and per formance.  Therefore 
in tervent ions in organisat ional  des ign and development  can resu l t  in  both a more 
sat is f ied workforce and increased product iv i ty.  Economic and employee-re la ted 
goals  are usual ly operat ional ized as per formance,  sat is fact ion,  soc ia l  behav iour ,  
heal th ,  and comfor t  (Sundst rom, 1986) .  These d imensions l ink  employee-re la ted 
goals  wi th  economic goals :  on ly heal thy employees are capable o f  e f f ic ient  
per formance;  sat is fact ion and comfor t  are l inked wi th  per formance (Judge,  
Thoresen,  Bono & Pat ton,  2001;  V ischer ,  2007b) ;  soc ia l  behav iours  such as soc ia l  
in teract ion are cruc ia l  for  coord inat ion and the development  of  t rust  and soc ia l  
re la t ions (Gabarro,  1987;  Tsai  & Ghoshal ,  1998)  and soc ia l  suppor t  may be a 
buf fer  of  s t ressors.  
 
In  th is  chapter ,  outcome d imensions of  the des ign of  work env i ronments s tud ied in 
th is  research are descr ibed.  These outcomes are sat is fac t ion,  organisat ional  
commitment ,  heal th ,  and ind iv idual  work per formance.  The focus of  th is  research 
is  on ind iv idual  percept ions and behaviour  in o f f ice env i ronments.  Therefore,  
soc ia l  behav iour  is  not  inc luded in  th is  rev iew but  wi l l  be deal t  wi th  in  the 
empir ica l  research in an exp lorat ive way (see chapter  8) .  
5.1. Job satisfaction  
Sat is fact ion is  a  major  dependent  var iab le  in  many domains of  psycholog ica l  and 
organisat ional  research (Judge & Church,  2000) .  Notably job sat is fact ion has 
rece ived much in terest  in  indust r ia l  and organisat ional  psychology and may be the 
most  wide ly  s tud ied top ic  in th is  d isc ip l ine (Judge & Church,  2000;  Locke,  1976) .  
S ince f ie ld  s tud ies in  the 1980s revealed that  open p lan of f ice users  were most ly 
d issat is f ied,  occupant  sat is fact ion has become the s tandard measure a lso in  
workp lace research (V ischer ,  2007a) .  
Ef for ts  in  s tudying sat is fact ion are of ten based on the assumpt ion that  job 
sat is fact ion and ind iv idual  per formance are c lose ly re la ted (Judge et  a l . ,  2001) .  
Job sat is fact ion has impor tant  ef fec ts  on the organisat ional  leve l  o f  analys is :  i t  is  
re la ted to organisat ional  commitment  (Gaer tner ,  1999) ,  turnover  intent ions 
(Lamber t ,  Hogan & Bar ton,  2001;  Spector  & Jex,  1991) ,  customer  sat is fact ion 
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(Har ter ,  Schmidt  & Hayes,  2002) ,  and employee absence (Farre l l  & Stamm, 1988;  
Warr ,  1999) .  
 
The corre lat ion between an ind iv idual ’s  job sat is fact ion and h is  job per formance is  
sub ject  to debate.  Meta-analyses ident i fy low to  moderate corre la t ions between 
sat is fact ion and per formance ( Ia f fa ldano & Muchinsky,  1985;  Judge et  a l . ,  2001) :  
mean corre la t ions accord ing to these analyses range between 0.17 and 0.30.  With  
complex work tasks the corre la t ions r ise  up to 0 .52 (Judge et  a l . ,  2001) .  Thus the 
corre lat ion between sat is fact ion and per formance is  more substant ia l  wi th  complex 
jobs.  
These low to  moderate corre lat ions can par t ly be expla ined by narrow per formance 
measures,  i .e .  the so le  measurement  of  output .  Contemporary v iews on work 
per formance inc lude not  on ly tasks ass igned to cer ta in persons ( task per formance)  
but  a lso contextua l  aspects  that  re late ind iv idual  behaviour  to  the organisat ional ,  
soc ia l ,  and psycholog ica l  env i ronment  (contextua l  per formance)  (Borman & 
Motowid lo ,  1993) .  Th is  contextua l  aspect  o f  work  per formance is  usual ly not  
spec i f ied in  task descr ipt ions but  is  cons idered ind ispensable for  the opt imal  
per formance of  work groups and organisat ions (Organ & Paine,  1999) .  Recent  
research f inds work engagement  a bet ter  pred ic tor  of  job per formance than job 
sat is fact ion (Demerout i  & Cropanzano,  2010;  see chapter  5 .5) .  
 
At  present ,  there is  no agreement  about  the psycholog ica l  nature of  job 
sat is fact ion and therefore causes and consequences of  job sat is fact ion and the i r  
measurement  are much debated (Judge & Kl inger ,  2008;  Warr ,  2002;  Weiss,  
2002) .   
Current  approaches to job sat is fac t ion can be character ised as fo l lows:  
  Sat is fact ion as an af fect ive react ion,  e.g .  Locke’s  (1976)  popular  def in i t ion of  
job sat is fac t ion as “a  p leasurable  or  pos i t ive emot ional  s tate  resu l t ing f rom 
appra isa l  of  one’s  job or  job exper ience”  (p .  1300) .  
  Sat is fact ion as a cogni t ive compar ison process or  eva luat ion (Adams,  1965;  
Herzberg,  Mausner  & Snyderman,  1959;  Marans & Spreckelmeyer ,  1981) .  
  Sat is fact ion as an at t i tude (Weiss,  2002) ,  i .e.  an eva luat ive tendency (Warr ,  
2002) ,  and 
  Sat is fact ion as a personal  d ispos i t ion (Judge & Larsen,  2001) .  
 
In  a cr i t ica l  rev iew of  s tandard t reatments  of  job sat is fact ion Weiss (2002)  
deconst ructs  job sat is fac t ion and separates eva luat ions,  be l ie fs  and af fect ive 
exper iences.  He notes that  job sat is fact ion of ten is  not  c lear ly and expl ic i t ly  
def ined and is  therefore t reated s imul taneously as an af fect ive response and an 
at t i tude.  This ,  accord ing to Weiss (2002)  obscures impor tant  d i f ferences between 
af fect ive and at t i tud ina l  const ructs ,  the main d i f ference be ing the tempora l  
s tab i l i ty .  Af fect ive s ta tes,  whether  they are cons idered as moods or  as d iscrete 
emot ions,  are cons idered as be ing more dynamic than at t i tudes.  Af fect ive s ta tes 
have behavioura l  consequences at  the t ime when they occur  but  may a lso have 
longer- term ef fects  on evaluat ive judgements of  the ob jects  in  quest ion.  At t i tudes 
are eva luat ions or  eva luat ive judgements regard ing an at t i tud ina l  ob ject .  More 
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prec ise ly,  “an at t i tude represents  an eva luat ive in tegrat ion of  cogni t ions and 
af fects  exper ienced in re la t ion to  an ob ject .  At t i tudes are the evaluat ive judgments 
that  in tegrate and summar ize these cogni t ive/a f fect ive react ions”  (Crano & Pr is l in ,  
2006,  p.  347) .  Thus,  eva luat ion is  not  synonymous wi th  a f fect .  Rather ,  a f fect ive 
react ions may form one bas ic e lement  of  an eva luat ive judgement  of  an at t i tude 
ob ject .  
At t i tudes and af fect ive react ions have d i f ferent  causes and consequences.  Whi le 
a f fec t ive responses have a d i rect iona l  ( i .e.  pos i t ive or  negat ive)  character ,  they 
a lso have exper ient ia l  (o f ten phys io log ica l )  components  that  go beyond evaluat ion 
(Weiss,  2002) .  Theoret ica l  as wel l  as  empir ica l  understanding of  causes and 
consequences of  af fect  in  the workp lace is  on ly a t  a beginn ing s tage.  This  is  
espec ia l ly t rue for  inf luences of  the phys ica l  env i ronment  on moods and emot ions 
(Br ief  & Weiss,  2002) .  Only the inf luence of  personal i ty (main ly researched as 
negat ive af fect iv i ty)  as a  determinant  of  workp lace mood (but  not  workp lace 
emot ions)  is  re lat ive ly wel l  es tab l ished (Br ie f  & Weiss,  2002) .  There is  ev idence 
suggest ing that  personal i ty fac tors  in f luence indiv idual  job sat is fact ion (Judge & 
Larsen,  2001) .  
 
Hold ing evaluat ions about  at t i tude ob jects serves d i f ferent  funct ions (Pratkanis  & 
Turner ,  1994) .  Accord ing to Pratkanis  and Turner ,  a t t i tudes have the main funct ion 
of  ass ign ing ob jects  to a  favourable or  unfavourable  c lass.  Th is  c lass i f icat ion in 
turn serves severa l  heur is t ic  funct ions which in f luence judgements and 
in teract ions wi th  the ob ject .  Thus,  expectat ions about  an object  are inf luenced by 
eva luat ions;  exp lanat ions and interpretat ions of  ambiguous events  invo lv ing the 
ob ject  are gu ided;  reca l l  o f  in format ion and events  invo lv ing the ob ject  are 
in f luenced,  and there are in f luences of  eva luat ions on approach and avoidance 
behaviour  in re lat ion to  the ob ject .  
5.2. Environmental satisfaction 
Sat is fact ion is  among the predominat ing outcome measures in  workp lace research.  
Prev ious research has analysed ef fects  o f  of f ice env i ronments  on heal th ,  
sat is fact ion and per formance.  Resul ts  show that  about  f i f teen per  cent  of  var iance 
in  ind iv idual  per formance can be expla ined by sat is fact ion wi th  the of f ice 
env i ronment  and i ts  facets ,  respect ive ly (Clements-Croome & Kaluarachchi ,  2000;  
V ischer ,  1989) .  However ,  l i t t le  e f for t  has been expended to  understand what  
exact ly users  are repor t ing when they ra te  themselves sat is f ied wi th  the work ing 
env i ronment  they occupy (V ischer ,  2008) .  Tauto log ica l  def in i t ions of  sat is fact ion 
preva i l  in  workp lace research,  for  example accord ing to Oldham (1988,  p.  255)  
“Of f ice sat is fact ion refers  to  the degree to  which  the employee is  sat is f ied wi th  the 
of f ice set t ing i tse l f ” .   
 
Accord ing to  the descr ip t ion of  sat is fact ion as an at t i tude,  env i ronmenta l  
sat is fact ion can be def ined as the evaluat ive judgements regard ing aspects  of  the 
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o f f ice env ironment8.  These eva luat ions are empir ica l ly def ined as an assessment  
o f  a person’s  sat is fact ion wi th  a  spec i f ic  env i ronmenta l  condi t ion,  feature or  
ob ject .  The condi t ions or  ob jects  that  bu i ld the content  of  env i ronmental  
sat is fact ion are usual ly based on the exper ience of  the researchers and ex is t ing 
ins t ruments  (J .  R.  Car lop io ,  1996;  Stoko ls  & Schar f ,  1990;  Vei tch,  Far ley & 
Newsham, 2002) ,  based on interv iews (Zagreus,  Huizenga,  Arens & Lehrer ,  2004)  
or  der ived empir ica l ly us ing factor  analyt ica l  techniques.  In the la t ter  case,  
quest ionnai re  i tems are cons idered to  ref lec t  a smal ler  number  of  under ly ing la tent  
var iab les which are determined us ing factor  analyses (J im Car lop io ,  1986;  J .  
Car lop io ,  1990) .  Common condi t ions that  af fect  env i ronmenta l  sat is fact ion inc lude 
sat is fact ion wi th  o f f ice  layout ,  furn ish ings,  indoor  a i r  qual i ty,  l ight ing,  acoust ics ,  
and thermal  comfor t .  
 
The re la t ion of  env i ronmenta l  sat is fact ion to  job sat is fac t ion in  of f ice  
env i ronments has been s tud ied by a group of  researchers of  the Inst i tu te  for  
Research in Const ruct ion (Nat ional  Research Counci l  o f  Canada,  Ot tawa)  
(Char les,  Danfor th,  Vei tch,  Zwierzchowski ,  Johnson & Pero,  2004;  Marquardt ,  
Vei tch & Char les,  2002;  Newsham, Brand,  Donnel ly,  Vei tch,  Ar ies & Char les,  
2009;  Vei tch et  a l . ,  2007;  Vei tch,  Char les,  Newsham, Marquardt  & Geer ts ,  2003;  
Vei tch et  a l . ,  2002) .  Thei r  resu l ts  show a s ign i f icant  ef fect  o f  overa l l  
env i ronmenta l  sat is fact ion on job sat is fact ion (Vei tch et  a l . ,  2007) .  The model  th is  
group of  researchers der ived f rom the i r  data us ing s t ructura l  equat ion model l ing is  
presented in  F igure 16.  
 
 
 
Figure 16.  Components of environmental satisfaction and their  relation 
to job satisfaction (Charles, Veitch, Farley & Newsham, 2003)  
                                                          
8 The  theore t i ca l  d i s t i nc t i on  be tween  eva lua t i ve  and  a f fec t i ve  con ten t  o f  sa t i s fac t i on ,  
however ,  i s  no t  m i r ro red  in  empi r i ca l  s tud ies .  In  a  s tudy o f  the  re la t i onsh ip  be tween  
env i ronmenta l  sa t i s fac t i on  and  work  ou tcomes  Lee  (2006)  compared  an  eva lua t i ve  and  an  
a f fec t i ve  approach  to  sa t i s fac t i on  w i th  the  workp lace .  The  resu l ts  d id  no t  i nd ica te  a  
d i f fe rence  be tween  the  two  sa t i s fac t i on  measures  and  the i r  l i nkage  to  work  ou tcomes .  
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In  a s tudy wi th  Chinese whi te-co l lar  and b lue-co l lar  workers ,  Donald & Siu (2001)  
obta ined s imi lar  resu l ts .  Their  resu l ts  show that  sat is fact ion wi th  env i ronmenta l  
condi t ions (space,  vent i la t ion,  l ight ing,  temperature,  no ise,  a i r  qual i ty)  is  re lated 
to  job sat is fact ion and to  phys ica l  and menta l  wel l -be ing.  Other  research ident i f ied 
env i ronmenta l  sat is fact ion as a mediator  between of f ice use pract ices such as the 
ab i l i ty  to  personal ise one’s  work area and job sat is fact ion and employee wel l -
be ing (Wel ls ,  2000) .  Taken together ,  these f indings refer  to the mediat ing ro le  of  
env i ronmenta l  sat is fact ion in  of f ice workp lace research.  Env i ronmenta l  
sat is fact ion mediates the ef fect  of  env i ronmental  condi t ions (e .g.  l ight ing,  pr ivacy,  
vent i la t ion,  and personal isat ion)  and outcome var iab les such as wel l -be ing and job 
sat is fact ion.  
5.3. Organisational commitment 
Organisat ional  commitment  is  an essent ia l  var iab le  in  organisat ional  s tud ies.  I t  
has a h igh exp lanatory power  for  turnover  intent ions.  For  example in  a s tudy of  
employees in  indust r ia l  companies,  80 per  cent  o f  the var iance in  turnover  
in tent ions could be expla ined by organisat ional  commitment  (J .  R.  Car lop io ,  1996) .  
In  an a t tempt  to  ident i fy the “core essence”  o f  the commitment  const ruct  in  work 
organisat ions,  Meyer  & Herscov i tch (2001,  p.  301)  def ine commitment  as “a force 
that  b inds an ind iv idual  to  a course of  act ion that  is  of  re levance to  a par t icu lar  
target . “  Def in i t ions d i f fer  in form (e.g .  af fec t ive,  normat ive,  and cont inuance 
commitment ,  Meyer  & Al len,  1991)  and focus (e .g .  organisat ion,  job,  goal ,  team) of  
commitment .  In th is  research organisat ional  commitment  is  examined in  re la t ion to 
workp lace des ign.  
D i f ferent  forms of  commitment  re la te to three top ica l  areas:  a f fect ive commitment  
descr ibes the emot ional  a t tachment  to  an organisat ion a long wi th  ident i f icat ion 
wi th  the organisat ion and invo lvement  in  the organisat ion.  Normat ive commitment  
descr ibes fee l ings of  ob l igat ion to  cont inue an employment  and cont inuance 
commitment  descr ibes the awareness of  the costs  l inked wi th  leav ing the 
organisat ion (Meyer  & Al len,  1991) .  
 
D i f ferent  def in i t ions and conceptua l isat ions of  organisat ional  commitment  share 
the bas ic  assumpt ion that  commitment  b inds ind iv iduals  to  the organisat ion and 
thereby reduces the l ike l ihood for  turnover  (Meyer  & Herscov i tch,  2001) .  Research 
compar ing the impl icat ions for  behav iour  of  the three forms of  commitment  shows 
that  a f fect ive commitment  has the s t rongest  corre la t ion wi th  job per formance,  
organisat ional  c i t izenship behaviour9,  and at tendance.  The other  two forms of  
commitment  –  normat ive commitment  and cont inuance commitment  –  are less 
s t rongly re la ted to  these outcomes.   
Af fect ive commitment  is  composed of  three components  (Buchanan,  1974;  J .  Cook 
& Wal l ,  1980) :  (1)  ident i f icat ion represents  pr ide in  the organisat ion and 
                                                          
9 Organ isa t i ona l  c i t i zensh ip  behav iou r  desc r ibes  employees ’  behav iou rs  tha t  go  beyond  
fo rmal  j ob  du t ies  and  co re  task  requ i remen ts .  They a re  cons ide red  to  ac t i ve l y  p romote  and 
s t rengthen an  o rgan isa t ion ’s  e f fec t i veness  (Organ ,  1988 ,  1997)  and  regarded as  the  co re  
o f  con tex tua l  pe r fo rmance (see chap te r  5 .5 ) .  
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in terna l isat ion of  organisat ional  goals  and va lues,  (2)  invo lvement  re fers  to  the 
wi l l ingness to  invest  personal  ef for t  in  the work i tse l f  because i t  is  seen as an 
impor tant  cont r ibut ion to  the organisat ion as a whole,  and (3)  loya l ty descr ibes 
af fec t ion for  and at tachment  to the organisat ion and a sense of  be longingness that  
t rans lates in to  a wish to  s tay in  the organisat ion.  
 
Research in organisat ional  commitment  has tended to examine corre la t ions 
between potent ia l  antecedent  var iab les and commitment .  Math ieu and Zajac 
(1990)  l is t  personal  and organisat ional  character is t ics ,  job character is t ics ,  soc ia l  
re la t ions,  and ro le  s tates as antecedents  of  organisat ional  commitment .  
Cons iderat ion of  the reasons why these var iab les should re la te  to  commitment  has 
rare ly been a top ic  in research on organisat ional  commitment  (Meyer  & 
Herscov i tch,  2001) .  
On the bas is  of  a l i tera ture rev iew Meyer  & Herscov i tch (2001)  argue that  
mechanisms such as invo lvement ,  shared values,  and ident i f icat ion are invo lved in  
the generat ion of  a f fect ive commitment .  These mechanisms can be seen as 
e lements of  soc ia l  exchange (Morr is ,  Lydka & Fenton O'Creevy,  1993) .   
Workspaces are impor tant  contents  in  the soc ia l  exchange between employees 
and organisat ions.  In  addi t ion to  sa lary,  employees expect  o ther  returns f rom the i r  
employers ,  e .g .  recogni t ion and apprec ia t ion.  The space that  is  ass igned to 
employees and the fact  that  they occupy i t  in  order  to  per form the i r  work tasks 
symbol izes impl ic i t  terms of  a soc io-spat ia l  cont ract  (V ischer ,  2005) .  Th is  type of  
soc ia l  exchange af fects  the bas is  of  the normat ive facet  of  commitment  which is  
rooted in rec iproc i ty (Meyer  & Herscov i tch,  2001) .   
Organisat iona l  commitment  is  co-determined by ter r i tor ia l  behav iours  (G.  Brown,  
Lawrence & Robinson,  2005) :  ident i ty or iented mark ing (personal isat ion)  increases 
the ident i f icat ion wi th  the marked organisat iona l  ob jects  and the at tachment  to 
these ob jects  because a fee l ing of  ownersh ip  is  connected wi th  mark ing (af fect ive 
component  o f  commitment) .  Mark ing and defending ind iv idual  or  group workspace 
ter r i tor ies  are personal  investments  o f  t ime and energy and thus increase 
cont inuat ion commitment .  Both forms of  commitment  are af fected by the perce ived 
poss ib i l i t ies  to exer t  in f luence over  the personal  phys ica l  work env i ronment  and 
thus to have some degree of  cont ro l  over i t .  Poss ib i l i t ies  for  ind iv idual  cont ro l  
re f lec t  organisat ional  pract ices based on organisat ional  cu l ture (normat ive 
component  o f  organisat ional  commitment) .  
 
Empir ica l  ev idence for  the re la t ionship o f  organisat ional  commitment  and the 
phys ica l  work env i ronment  is  scarce.  Leather ,  Beale & Sul l ivan (2002)  s tud ied the 
ef fects  of  psychosoc ia l  s t ress,  no ise,  and the i r  in teract ion on job sat is fact ion,  
organisat ional  commitment  and wel l -be ing.  The resu l ts  ind icated that  there was no 
main ef fect  o f  no ise on commitment  and other  work re la ted ind icators .  The 
f ind ings,  however ,  po in t  to an interact ion ef fect  o f  no ise and psychosoc ia l  s t ress 
on commitment :  no ise in tens i f ies  the negat ive ef fects  of  psychosoc ia l  s t ress or  
low ambient  no ise buf fers  negat ive ef fects  of  psychosoc ia l  s t ress on 
organisat ional  commitment .  A s imi lar  interact ion ef fect  was found in  a s tudy by 
Fr ied,  S lowik ,  Ben-David & T iegs (2001) .  These authors  found that  organisat ional  
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commitment  was more complete ly exp la ined when not  on ly main ef fects  o f  
workspace dens i ty,  job complex i ty,  and tenure were cons idered.  The addi t ion of  
the cross product  of  workspace dens i ty and organisat ional  tenure s ign i f icant ly 
cont r ibuted to  the expla ined var iance of  organisat ional  commitment .  The same was 
t rue wi th  the three-way in teract ion o f  workspace dens i ty,  job complex i ty,  and 
organisat iona l  tenure.  Thus,  the f ind ings of  th is  research suggest  that  the ef fec ts  
o f  workspace dens i ty on organisat iona l  commitment  cannot  be fu l ly understood i f  
organisat ional  var iab les such as job character is t ics  and tenure are not  taken in to 
cons iderat ion.  Negat ive ef fects  of  workspace dens i ty on organisat ional  
commitment  can main ly be found for  people wi th  h igh ly complex jobs and h igh 
organisat ional  tenure.  
 
Donald & Siu (2001)  s tud ied the ro le  o f  organisat ional  commitment  as a moderator  
o f  the re la t ionship  between env i ronmenta l  condi t ions ( inc lud ing vent i la t ion,  
l ight ing,  temperature,  and no ise)  and job sat is fact ion and wel l -be ing.  The resu l ts  
o f  th is  s tudy regard ing organisat ional  commitment  as a moderator  are 
inconc lus ive.  There are main ef fects  o f  env i ronmenta l  condi t ions and 
organisat ional  commitment  on job sat is fact ion and phys ica l  and menta l  heal th .  The 
in teract ions between env i ronmenta l  condi t ions and commitment ,  however ,  do not  
cont r ibute to  more expla ined var iance.  Organisat ional  commitment  therefore does 
not  seem to moderate the re la t ionship  between env i ronmenta l  condi t ions and job 
sat is fact ion and wel l -be ing.   
Impl ic i t  to th is  research is  the assumpt ion that  organisat ional  commitment  acts  as 
a determinant  of  job sat is fact ion.  Whi le  there is  a  s ign i f icant  cor re lat ion between 
these two measurements (J .  R.  Car lop io ,  1996;  Ost rof f ,  1992;  C.  P.  Parker ,  
Ba l tes,  Young,  Huf f ,  A l tmann,  Lacost  & Rober ts ,  2003) ,  the causal  d i rect ion 
remains undetermined.  In  a  compar ison of  severa l  s t ructura l  equat ion models ,  J .  
R.  Car lop io  (1996)  concluded that  data on the re la t ionship  between job 
sat is fact ion,  organisat ional  commitment  and turnover  in tent ions could be 
expla ined equal ly wel l  by two models  that  d i f fered in  the d i rect ion of  e f fects  
between commitment  and job sat is fact ion.  
5.4. Health 
Accord ing to  Wor ld  Heal th  Organizat ion (2006,  p .1)  “heal th is  a s ta te o f  complete 
phys ica l ,  menta l  and soc ia l  wel l -be ing and not  mere ly the absence of  d isease or  
in f i rmi ty. ”   
Heal thy work ing env i ronments may thus be def ined as env i ronments  that  do not  
conta in  any r isk  o f  d isease and that  ensure comfor t  and wel l -be ing for  a l l  
occupants .  In  cont rast  to  a  t rad i t iona l  idea of  heal th ,  th is  approach recognizes 
that  phys ica l ,  menta l ,  and soc ia l  wel l -be ing are prerequis i tes for  per formance of  
knowledge workers .   
On the bas is  of  the act ion- regula t ion f ramework  descr ibed above,  wel l -be ing is  
reduced when the capac i ty to  act  is  rest rained (Duck i ,  2000) .  The capaci ty to  act  
is  determined by a dynamic process of  ba lance between the ind iv idual  and h is /her  
  62 
resources and the env i ronment  (phys ica l ,  b io logica l ,  and soc ia l  demands)  and can 
be descr ibed as the ab i l i ty   
  to  pursue ( longer- term) goals ,  
  to  deal  adequate ly wi th  env i ronmenta l  condi t ions and demands,  and 
  to  integrate phys ica l  processes and symptoms on the one hand s ide and 
act ions on the other  hand s ide ( i .e.  act ions are par t ia l ly  react ions to phys ica l  
symptoms) .  
Th is  capaci ty can be understood as a pos i t ive ind icator  o f  heal th  and is  
measurable  as sat is fact ion (Warr ,  2005) .  Pos i t ive ind icators  of  heal th  are usual ly 
complemented by ind icators  of  heal th  impai rment  and psycholog ica l  s t ra in  
(negat ive ind icators) .  
 
 
 
Figure 17. Pathways from hazard to harm (after Cox & Cox, 1993; Cox 
et al . ,  2000, modified) 
In  work env i ronments ,  two pathways f rom work set t ings to employees ’  heal th  and 
wel l -be ing can be d is t inguished (Cox & Cox,  1993;  Cox,  Gr i f f i th  & Ria l -González,  
2000;  Taylor ,  Repet t i  & Seeman,  1997)  (F igure 17) :  (1 . )  v ia the phys ico-chemica l  
pathway the work env i ronment  may d i rect ly a f fect  i l lness precursors  or  i l lness by 
expos ing employees to phys ica l ,  chemica l ,  or  b io log ica l  hazards.  (2 . )  A second 
poss ib le  pathway regards s t ress exper ience as a mediator  between work  
env i ronment  and heal th.  Th is  pathway is  ca l led psycho-phys io log ica l  by Cox and 
Cox (1993)  and is  descr ibed as ind i rect  because the heal th e f fects  o f  the work 
env i ronment  are mediated by cogni t ive appra isal .  These two pathways are not  
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cons idered as a l ternat ive exp lanat ions of  ef fects  o f  the work env i ronment  but  are 
a lways present  s imul taneously and in teract  wi th  each other .   
Research on work s t ress has tended to neglect  phys ica l ,  chemica l ,  and b io log ica l  
work  hazards (Cox et  a l . ,  2000) .  Th is  category o f  hazards not  on ly in f luences 
bodi ly funct ions d i rect ly but  may a lso a l ter  employees ’  awareness,  suspic ion or  
fear  o f  be ing exposed to  harm.  This  suspic ion or  fear  in  turn can lead to  the 
exper ience of  s t ress.  Cox et  a l .  (2000)  argue that  there are a lso psychosoc ia l  
hazards that  d i rect ly a f fec t  workers  wi thout  mediat ion by the exper ience of  s t ress.  
These hazards inc lude aspects  of  work des ign and the organisat ion and 
management  of  work  as wel l  as  the i r  soc ia l  and env i ronmenta l  contexts .  For  
example,  a  job that  does not  ut i l i se ava i lab le  competences or  that  inc ludes 
ergonomica l ly inappropr ia te  tasks does not  necessar i ly  cause s t ress but  causes 
harm to  the worker ’s  heal th .  Such a job becomes st ressfu l  when at tempts to 
improve or  ergonomica l ly cor rect  tasks are imposs ib le  due to  job des ign and 
organisat ion.   
 
In  the fo l lowing two chapters  the two pathways are d iscussed in  more deta i l  and 
wi th  respect  to o f f ice env i ronments .  
5.4.1. Physico-chemical pathway from hazard to 
harm 
Envi ronmenta l  condi t ions can be harmfu l  because they over tax the responsive 
capaci ty o f  the nervous system (e.g.  in  the case of  l ight ing and no ise)  or  the 
adapt ive capac i ty o f  bodi ly funct ions (e.g.  temperature) .  Fur thermore,  
contaminated a i r  can i r r i ta te the resp i ra tory sys tem,  be po isonous or  potent ia l ly  
carc inogen (Hedge,  2000) .   
There is  some ev idence for  the phys ico-chemica l  pathway f rom hazard to harm in 
o f f ice set t ings.  The f indings,  however ,  are equivocal  (Brauer ,  2005;  Seppanen & 
F isk,  2006) .  The symptoms d i rect ly l inked to env i ronmenta l  condi t ions inc lude 
headaches,  eyest ra in ,  e levated s t ress hormone leve ls ,  and mucous membrane 
i r r i tat ion.  Some authors  (e.g .  Bourbeau,  Br isson & Al la i re,  1997;  F isk,  Mi rer  & 
Mendel l ,  2009;  Hedge,  Er ickson & Rubin,  1995;  Seppänen & F isk ,  2004)  use the 
label  “s ick  bu i ld ing syndrome symptoms”  for  a c luster  o f  such symptoms (see 
chapter  5 .4.5) .  
The main research s t ra tegy in  s tud ies of  phys ico-chemica l  in f luences has been to  
s tudy phys ica l  work env i ronment  hazards separate ly and in  laboratory  research.  
Only recent ly researchers  have begun to combine d i f ferent  d imensions (e .g.  
Wi t terseh,  Wyon & Clausen,  2004,  s tud ied the combined ef fec ts  of  temperature 
and no ise) .  Research on condi t ions hazardous to  heal th  in o f f ice env i ronments  has 
focused l ight ing,  no ise,  and indoor  a i r  qual i ty (Rashid & Z imr ing,  2008) .  Resul ts  o f  
th is  research are rev iewed in  Chapter  6.  
 
Env i ronmenta l  condi t ions in th is  body of  research are usual ly measured 
ob ject ive ly and in  some cases complemented by s tudy par t ic ipants ’  percept ions.  
Corre la t ions of  sub ject ive and ob ject ive measures tend to  be weak.  A rev iew of  
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ten s tud ies (Wyon,  2004)  shows that  perceived indoor  a i r  qual i ty is  re la ted to  
exper imenta l  manipu la t ion of  ob ject ive condi t ions on ly in  some of  the s tud ies 
d iscussed.  This  f ind ing po in ts  out  the mul t id imensional  nature of  perceived indoor  
a i r  qual i ty that  may be the cause of  insens i t iv i ty to  changes on s ing le  d imensions 
(c f .  Fanger ,  2006) .  Fur thermore data on heal th symptoms are usual ly based on 
se l f -assessments  and many s tud ies use comfor t  assessments  as outcome 
measures.  Wyon’s  (2004)  rev iew a lso shows that  changes in  per formance and 
symptoms in  some cases occur  wi thout  changes in perce ived a i r  qual i ty and in  
o ther  cases para l le l  to changes in  perce ived indoor  a i r  qual i ty.  Thus,  there is  
l imi ted suppor t  for  d i rect  ef fec ts  f rom hazards to  harm in  of f ice set t ings.  Perce ived 
qual i ty o f  the of f ice env ironment  seems to have greater  exp lanatory power  than 
the ob ject ive measurements  of  env i ronmenta l  facets .  Because of  the mul t i -
fac tor ia l  in f luences in rea l  work  set t ings,  dose-response re la t ions are not  
ava i lab le  (Fanger ,  2006) .   
5.4.2. Psycho-physiological (stress) pathway 
from hazard to harm 
Whi le  there is  some ev idence for  harmfu l  consequences of  ob ject ive ly measurable  
aspects  of  the of f ice env i ronment ,  a  pure ly s t imulus cent red approach to hazards 
and heal th  is  incomplete.  The “engineer ing approach”  (Cox et  a l . ,  2000,  p.  32f )  
conceives s t ress as a s t imulus character is t ic  of  the env i ronment  and descr ibes i t  
in  terms of  load or  as  an avers ive or  nox ious e lement  of  the env i ronment .  Th is  
approach,  however ,  does not  adequate ly account  for  the ex is t ing data because i t  
neglects  contextua l  fac tors  and the in terp lay o f  d i f ferent  fac tors  of  the 
env i ronment  as wel l  as  the in teract ions of  persons wi th  thei r  env i ronments .  Noise 
s t ress,  for  example,  is  not  caused only by in tens i ty and f requency of  no ise but  
a lso by character is t ics  o f  the persons exposed to  i t  (such as sens i t iv i ty to no ise,  
Windl inger ,  2008)  and the i r  tasks (Banbury,  Macken,  Tremblay & Jones,  2001;  
Melamed,  Fr ied & Froom, 2001) .  Fur thermore,  awareness of  the presence of  a 
potent ia l ly  harmfu l  substance in f luences repor ted symptoms (Dal ton,  Wysock i ,  
Brody & Lawley,  1997) .  
Because of  th is  incompleteness,  the phys ico-chemica l  pathway is  complemented 
by a psycho-phys io log ica l  pathway which descr ibes the aspects  o f  the work 
env i ronment  which have the potent ia l  for  caus ing psycholog ica l  and/or  phys ica l  
harm.  Thus,  the psycho-phys io log ica l  pathway corresponds to the models  o f  
exper ienced s t ress descr ibed above (chapter  4 .2) .  In psycho-phys io log ica l  models  
o f  s t ress the theoret ical  concept  of  s t ressors  is  used to descr ibe s t ressfu l  
character is t ics  that  can be appl ied to  a  wide range of  occupat ions and that  cannot  
be ident i f ied by d i rect  phys ica l  or  chemica l  measurement  (M.  Marmot ,  S iegr is t  & 
Theore l l ,  2006) .  In act ion-regulat ion theory an impor tant  c lass of  s t ressors are 
regula t ion prob lems.  Ext ra regulat ion due to  regulat ion problems has been shown 
to  lead to psychosomat ic  d iscomfor t  and to h igher  leve ls  of  i r r i tat ion in  wh i te  
co l lar  workers  (Le i tner ,  1993) .  S imi lar  f ind ings are repor ted for  such d iverse 
set t ings as urban t rans i t  operators  (B.  A.  Gre iner  et  a l . ,  1997)  or  o f f ice work wi th  
computers  (Zapf ,  1993) .  
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Accord ing to  the JDR-model ,  heal th  impai rment  can be the resu l t  o f  a  spec i f ic  set  
o f  work ing condi t ions.  These condi t ions  concern job demands that  represent  
character is t ics  of  the job that  potent ia l ly  br ing on s t ra in  wh ich may over tax the 
employee’s  adapt ive capabi l i ty  (Bakker  & Demerout i ,  2007) .  The heal th  impai rment  
process is  l inked to per formance-protect ion s t ra teg ies (Hockey,  1997)  that  are 
employed under  the inf luence of  env i ronmenta l  demands.  Per formance protect ion 
is  ach ieved through act ivat ion and/or  increased subject ive ef for t  ( i .e.  ac t ion 
regula t ion on a h igher  h ierarch ica l  level ,  see chapter  4.1.1) .  With  greater  
act ivat ion and/or  ef for t  the phys io log ica l  costs  for  the ind iv idual  increase.  The 
long- term ef fect  of  such compensat ion may be energy deplet ion and 
psychosomat ic  or  burnout  symptoms.  The heal th  impai rment  ef fect  of  job demands 
may be mi t igated by resources (other  than the ones used for  compensat ion) .  Th is  
mi t igat ion,  however ,  seems to be l imi ted to resources that  cor respond to  spec i f ic  
demands of  a  g iven job (Van der  Doef  & Maes,  1999) .  Accord ing to the JDR-model  
resources a lso have mot ivat ional  potent ia l  and can lead to  h igh work engagement  
and per formance.  This  mot ivat ional  process may in  turn be at tenuated by job 
demands (Bakker  & Demerout i ,  2007) .  
 
Regard ing the i r  re lat ionship wi th  heal th ,  job demands (sensu JDR) can be 
cons idered as s t ressors .  They descr ibe features of  a job that  increase the 
probabi l i ty  o f  s t ress react ions and s t ress outcomes.  The re la t ionship  between 
s t ress and heal th  can be descr ibed on severa l  leve ls .  The exper ience of  s t ress is  
assoc ia ted wi th  changes in cogni t ions,  emot ions,  behav iour ,  and phys io log ica l  
funct ions,  a l l  o f  which can be det r imenta l  to heal th .   
Typ ica l  heal th  re la ted outcomes of  s t ress are psychosomat ic  compla in ts  (Frese,  
1985)  and burnout  (exhaust ion and d isengagement ,  Demerout i  et  a l . ,  2001)  on the 
psycholog ica l  leve l .  On the phys io log ica l /medica l  leve l ,  s t ress has an ef fect  on the 
card iac system.  For  example,  the r isk  of  coronary hear t  d isease is  h igher  for  
ind iv iduals  in  h igh-s t ra in  jobs,  i .e .  jobs wi th  h igh demands and low cont ro l  
(Karasek & Theore l l ,  1990) .  The card iac system is  a lso af fected by hormones.  
Chronic  work  s t ress increases the re lease of  catecholamines (ep inephr ine and 
norepinephr ine)  and cor t icostero ids (cor t iso l ) ,  which can cont r ibute to  the 
development  of  i l lnesses,  such as coronary hear t  d iseases.  St ress a lso impai rs  
the funct ion ing of  the immune system and cont r ibutes to the development  of  
musculoskeleta l  d isorders .  Fur thermore,  s t ress af fects  psychophys io log ica l  
d isorders  such as d igest ive system d iseases and recurrent  headaches (Saraf ino,  
2008) .  St ress- re lated heal th  prob lems are to  some extent  mediated by heal th-
re la ted behav iours  (Adler  & Kat thews,  1994) .  Ind iv iduals  under  s t ress engage less 
in  heal th-promot ing behaviours ,  probably because of  the emot ional  and 
behavioura l  demands of  these behaviours .  Addi t ional ly,  ind iv iduals  under  s t ress 
may t ry to  cope wi th  s t ress by engaging in  behav iours  wi th  potent ia l ly  heal th-
damaging consequences,  such as smoking,  h igher  fa t  d ie t ,  or  less f requent  
exerc ise (D.  M.  Ng & Jef fery,  2003) .  
Work s t ress or  a  combinat ion of  h igh s t ra in  and low cont ro l  (Karasek & Theore l l ,  
1990)  and ef for t - reward imbalance (S iegr ist ,  1996) ,  respect ive ly,  seems to  
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increase coronary hear t  d isease r isk  (M.  Marmot  e t  a l . ,  2006) .  The assoc ia t ion 
between s t ress at  work and heal th  re la ted symptoms is  of ten in terpreted as a 
d i rect  causal  re lat ionship .  There is  ev idence in suppor t  o f  th is  c la im.  A l ternat ive 
exp lanat ions,  such as th i rd  var iab les producing spur ious corre la t ions between 
exper ienced s t ress and psychosomat ic  compla ints  or  the reverse causat ion 
hypothes is  that  i l l  hea l th  leads to more exper ienced s t ress,  do not  exp la in  the 
data (Frese,  1985) .  Longi tud ina l  s tud ies prov ide fur ther  ev idence for  the causal  
l ink  between work ing condi t ions and the exper ience of  s t ress and psychosomat ic  
symptoms (Frese,  1985) .  Schaufe l i ,  Bakker  & Van Rhenen (2009)  present  
ev idence f rom a longi tudina l  s tudy where increases in job demands and decreases 
in  job resources led to  increased future burnout  scores,  even af ter  cont ro l l ing for  
in i t ia l  burnout .   
In  summary,  the causal  l ink  between work s t ress and phys io log ica l  symptoms is  
empi r ica l ly we l l  es tab l ished.  However ,  research has main ly focused job-re la ted 
s t ress and the ef fects  of  work env i ronments on s t ress and s t ress re la ted heal th 
symptoms are not  wel l  known.   
5.4.3. Interactions between the pathways 
The interact ions between the phys ico-chemica l  and the psycho-phys io log ica l  
pathways f rom hazard to  harm can be descr ibed as an inter re la t ionship  o f  
s t ressors .  Both phys ico-chemica l  and psycho-phys io log ica l  hazards can be 
descr ibed as s t ressors ,  i .e.  as  features of  the work env i ronment  that  increase the 
probabi l i ty  o f  s t ress react ions and s t ress- re la ted outcomes.  This  v iew is  mi r rored 
in  the medica l  concept  of  a l los tat ic  load.  The a l los ta t ic  load theory (McEwen,  
1998)  descr ibes a genera l  mechanism for  the explanat ion of  s t ress and phys ica l  
d isease that  encompasses both c lasses of  hazards.  A l los tas is  is  def ined as the 
ab i l i ty  to  ach ieve s tab i l i ty  through change.  Th is  ab i l i ty  comes wi th  the pr ice of  
a l los ta t ic  load,  which is  descr ibed as the wear  and tear  on the organism that  
resu l ts  f rom chron ic  overact iv i ty or  underact iv i ty o f  the a l los tat ic  systems 
(autonomic nervous sys tem,  hypotha lamic–pi tu i tary–adrena l  system,  
card iovascular ,  metabol ic ,  and immune systems)  (McEwen,  1998) .  A l los tat ic  load 
descr ibes the somat ic  aspects  of  the per formance protect ion s t rateg ies descr ibed 
in  the prev ious chapter .  
 
Four  types of  inter re la t ionships of  s t ressors can be d is t inguished (Frese,  1995) .   
(1)  A s imple model  of  an in ter re la t ionship o f  s t ressors  is  the addi t ive model .  
Accord ing to  th is  model ,  ef fects  of  d i f ferent  s t ressors  add up in  the i r  ef fects  on 
psychophys io log ica l  prob lems.  (2)  Another  s imple model  is  mask ing.  In  th is  case,  
a  s ing le  sa l ient  and very in tense s t ressor  (e.g .  ext reme heat  or  no ise)  
overshadows a l l  o ther  potent ia l  s t ressors .  
(3)  A th i rd model  o f  in ter re la t ionships o f  s t ressor  is  the model  o f  in teract ive 
impact .  Interact ion between two s t ressors  can resu l t  in  an exponent ia l  tota l  ef fec t  
when one s t ressors  acts  as a condi t ion that  increases the harmfu l  ef fects  o f  the 
second s t ressor .  On the other  hand,  s t ressors may compensate the i r  det r imenta l  
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ef fects .  In a longer  t ime f rame,  such re la t ionships can be analysed as (4)  
rec iproca l  ef fec ts  of  s t ressors.  
The empir ica l  d is t inc t ion between these models  of  inter re la t ionsh ips is  d i f f icu l t .  
Even in the case of  an in f luent ia l  theory such as the job demand-cont ro l  model  
(Karasek,  1979) ,  the mechanism rela t ing two types of  s t ressors is  not  fu l l y  
understood or  empir ica l ly demonst ra ted.  The job demand-cont ro l  model  postu lates 
that  jobs wi th  a  combinat ion of  h igh demands and low cont ro l  (h igh s t ra in  jobs)  are 
assoc ia ted wi th  an increased r isk  for  heal th prob lems.  The quest ion whether  h igh 
job demands and low cont ro l  ac t  as  addi t ive or  interact ive s t ressors is  not  so lved.  
In  a rev iew of  s tud ies f rom 63 samples,  25 samples suppor t  addi t ive ef fects  and 
13 samples do not  show addi t ive ef fects  (Van der  Doef  & Maes,  1999) .  
 
Regard ing the re la t ionship between the bu i l t  env i ronment  and heal th ,  mechanisms 
connect  phys ica l  and psychosocia l  s t ressors or  the corresponding b iomedica l  and 
psychosoc ia l  processes to  the facets  of  the bu i l t  env i ronment  and psychosoc ia l  
env i ronment  are not  wel l  understood (G.  W. Evans,  2003) .  Number  and in tens i ty o f  
s t ressors  genera l ly seem to addi t ive ly a f fect  psycho-phys io log ica l  heal th  (Frese,  
1985) .  However ,  in teract ive combinat ions or  pat terns of  phys ica l  and psychosoc ia l  
s t ressors  may exacerbate the i r  respect ive ef fects  (G.  W.  Evans,  2001;  Lepore & 
Evans,  1996) .  
5.4.4. Objective and subjective measures of 
stressors 
The inter re la t ionship  between phys ica l  and psychosoc ia l  s t ressors  or  hazards 
ra ises the quest ion of  the i r  percept ion and measurement .  Percept ions of  potent ia l  
hazards and expectat ions towards a potent ia l  hazard af fect  how ind iv iduals  
respond to  i t  (Dal ton et  a l . ,  1997) .  Genera l ly,  an env i ronmenta l  condi t ion on ly 
becomes psycholog ica l ly re levant  ( i .e .  can cause psycholog ica l  s t ress)  when i t  is  
perce ived (see chapter  4) .  Percept ions therefore a t  least  par t ia l ly  mediate  the 
impact  o f  object ive s t ressors  on impor tant  outcomes (Frese & Zapf ,  1999) .  
Perce ived env i ronmental  condi t ions are a lso the bas is  o f  se l f - repor t  measures of  
s t ress.  Sel f - repor ts ,  however ,  are prone to d is tor t ions through personal i ty 
character is t ics  and response s ty les (Frese & Zapf ,  1988;  Spector ,  1992) .  
Fur thermore,  the outcomes ( i .e.  s t ra in)  may in f luence the percept ion of  s t ressors.  
Thus,  heal th  s ta tus can af fect  the percept ion of  s t ressors,  e .g .  when ind iv iduals  
wi th  poor  heal th  overest imate the s t ressfu lness of  the i r  jobs.   
Such d is tor t ions through se l f - repor t  measures may in f la te  s t ressor-s t ra in  
re la t ionships.  Therefore,  more ob ject ive methods for  assess ing s t ressors  and the i r  
impacts  on heal th  and wel l -be ing are sought  (Frese,  1985;  Frese & Zapf ,  1988;  R.  
L .  Kahn & Byosiere,  1992) .  Object ive measures share the i r  independence f rom 
se l f - repor ts  o f  job incumbents  (Semmer et  a l . ,  1996)  and are therefore o f ten 
assumed to produce more re l iab le and va l id  data.  However ,  these measures a lso 
conta in  measurement  er rors  and b iases,  though d i f ferent  ones than se l f - repor t  
measures (Semmer & Zapf ,  1989;  Semmer et  a l . ,  1996) .  In some stud ies the 
observat ion and assessment  o f  work ing condi t ions and env i ronment  by t ra ined 
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independent  raters  is  used as data source (e .g.  Frese,  1985;  B.  A.  Gre iner  e t  a l . ,  
1997) .  Sources of  er rors  invo lved in  the assessment  by outs iders  are insuf f ic ient  
possess ion of  informat ion and overgenera l isat ion,  neglect  o f  rare ly occurr ing 
events ,  and re l iance on observable behaviour  (Semmer et  a l . ,  1996) .  
A second reason for  seek ing ob ject ive data is  the pragmat ic  goal  of  research.  In  
workp lace research the re lat ionship between the ob ject ive s t ress s i tuat ion and 
outcomes is  o f  in terest ,  because based on th is  knowledge heal thy and funct ional  
workp laces can be des igned (Frese & Zapf ,  1999) .   
In  addi t ion to  corre la t ions between the ob ject ive work s i tuat ion and heal th ,  
cor re lat ions between ob ject ive s t ress s i tuat ions and perce ived s t ress s i tuat ions 
have been found (Frese,  1985) .  Fur thermore,  there is  ev idence that  s t ress 
percept ions act  as mediators  rather  than moderators  in  the s t ress process (Frese 
& Zapf ,  1999) .   
Stud ies on the ob ject ive s t ress s i tuat ions have shown that  there is  a  corre la t ion 
between the ob ject ive work s i tuat ion and heal th  (Frese,  1985;  B.  A.  Gre iner ,  
Krause,  Ragland & F isher ,  1998;  B.  A.  Gre iner  e t  a l . ,  1997) .  In these s tud ies,  the 
corre lat ions between ob ject ive s t ressor  measures and s t ra in are smal ler  than the 
corre lat ions between se l f - repor t  measures of  s t ressors  and s t ra in.  Th is  f ind ing 
suggests  that  re la t ionships between se l f - repor ted s t ressors and s t ra in are in f lated 
but  not  ar tefactua l .  These f ind ings po in t  out  the exp lanatory va lue of  subject ive 
exper ience for  s t ress-re la ted outcomes.   
 
S imi lar  resul ts  are repor ted f rom SBS stud ies.  Var ious s tud ies found assoc ia t ions 
between perce ived exposures and se l f - repor ted SBS symptoms (Brauer ,  2005) .  
The few s tud ies us ing object ive measurements o f  exposures,  however ,  show 
incons is tent  f ind ings (Wargock i ,  Sundel l ,  B ischof ,  Brundret t ,  Fanger ,  Gynte lberg,  
Hanssen,  Harr ison,  P icker ing,  Seppänen & Wouters ,  2002b) .  Taken together ,  
these s tud ies a l low the conc lus ion that  h igher  vent i la t ion rates seem to be 
assoc ia ted wi th  h igher  perce ived a i r  qual i ty and less SBS symptoms.  These 
f ind ings suggest  an at  least  par t ia l  mediat ion of  the ef fect  of  vent i la t ion rates on 
heal th  by perce ived a i r  qual i ty.  
 
The interp lay between ob ject ive condi t ions and subject ive exper ience is  a  core 
issue in workp lace research.  Knowledge about  ob ject ive condi t ions and the i r  
percept ion would a l low ev idence based des ign of  fac i l i t ies .  Research on the 
re la t ionship of  ob ject ive and perce ived proper t ies  of  phys ica l  work env i ronments ,  
however ,  is  on ly in  i ts  infancy.   
 
In  summary,  the exper ience of  s t ress increases the amount  o f  exp la ined var iance 
in  symptoms of  i l l  hea l th  compared to ob ject ive ly measured condi t ions alone.  
There is  ev idence that  th is  increase in  exp la ined var iance is  not  due to 
methodolog ica l  ar te facts  but  is  substant ia l .  
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5.4.5. The sick building syndrome 
In  research on the re lat ionship  between heal th  and of f ice workp laces the 
assoc ia t ion between bui ld ings and heal th  is  of ten captured wi th  the term “s ick  
bu i ld ing syndrome” (SBS).  There is  no genera l  consensus on the def in i t ion of  th is  
phenomenon.  SBS is  not  a s ingular  syndrome that  cou ld be regarded as a medical  
d isease ent i ty (Jaakkola,  1998) .  Rather ,  S ick  Bui ld ing Syndrome (SBS) usual ly 
denotes a set  of  „symptoms of  genera l  mala ise assoc ia ted wi th  occupancy of  
cer ta in workp laces“  (Hedge,  Er ickson & Rubin,  1992,  p .  286) .  There seems to be 
some agreement  on typ ica l  SBS symptoms (Brauer ,  2005) .  They inc lude mucous 
membrane symptoms and genera l  symptoms such as fat igue and headache.  Some 
researchers a lso inc lude sk in symptoms and lower  resp i ra tory symptoms.  
Many s tud ies conc lude that  SBS has a mul t i fac tor ia l  aet io logy.  The mechanisms of  
the SBS process,  however ,  are not  fu l l y  understood (Brauer ,  2005;  Laht inen,  
Huuhtanen & Rei ju la ,  1998.  One reason for  th is  lack of  understanding is  the 
conceptua l  unc lar i ty o f  the SBS phenomenon.  I t  may cover  a  number  o f  d i f ferent  
heal th  outcomes of  d i f ferent  aet io log ical  natures.  Fur thermore,  there is  no 
agreement  on the tempora l  re lat ionship  between exposure in  a  bu i ld ing and 
symptoms and th is  re lat ionship  o f ten is  not  inc luded in  f ie ld  s tud ies (Brauer ,  2005;  
Burge,  2004) .  F ina l ly,  there is  d isagreement  about  the un i t  o f  analys is  and 
whether  the term SBS refers  to  a populat ion or  an ind iv idual  (Brauer ,  2005) .  
 
In  addi t ion to  assoc iat ions between se l f - repor ted exposures to the indoor  
env i ronment  and repor ted symptoms (e.g.  Pej tersen,  A l lermann,  Kr is tensen & 
Poulsen,  2006)  or  ob ject ive measurements of  exposures and repor ted symptoms 
(e.g.  Wargock i  et  a l . ,  2002b) ,  psychosoc ia l  work  character is t ics  have been found 
to  cont r ibute to SBS symptoms (Hedge et  a l . ,  1995;  A.  F.  Marmot  e t  a l . ,  2006;  
Wal lace,  ne lson,  Highsmi th  & Dunteman,  1993;  Zweers,  Prel ler ,  Brunekreef  & 
Bole i j ,  1992) .  These factors  inc lude work and env i ronmental  sat is fact ion,  heavy 
work load or  job s t ress.  Person-re la ted factors  found to cont r ibute to  the repor t ing 
of  SBS symptoms are depress ion (Hedge et  a l . ,  1995) ,  female sex (Burge,  2004;  
Runeson,  Norbäck & Stat t in,  2003;  Zweers e t  a l . ,  1992) ,  a l lerg ies (Wal lace et  a l . ,  
1993;  Zweers et  a l . ,  1992) ,  age (Runeson et  a l . ,  2003) ,  sense of  coherence 
(Runeson et  a l . ,  2003) ,  and asthma (Chao,  Schwar tz ,  Mi l ton & Burge,  2003) .  
 
Laht inen et  a l . (1998)  conc lude f rom a rev iew of  SBS l i terature that  the re la t ionship 
between chemica l ,  phys ica l  and b io log ica l  env i ronmenta l  exposure on the one 
hand and personal ,  psychosoc ia l  and work re la ted factors  on the other  hand 
seems to be an interact ive one:  the la t ter  fac tors  seem to  increase the 
vu lnerabi l i ty  o f  the ind iv idual  to the env i ronmenta l  exposure.  In accordance wi th  
the dual  pathway model  (Cox et  a l . ,  2000) s t ress can a lso be an outcome of  
env i ronmenta l  exposure when env i ronmenta l  prob lems lead to  fears  and anx ie ty 
(Laht inen et  a l . ,  1998) .  There is  ev idence f rom a longi tud ina l  s tudy that  a reverse 
causat ion may be a bet ter  exp lanat ion of  SBS and heal th  assoc ia t ions,  i .e .  hav ing 
mucous membrane symptoms may lead to increased repor t ing of  compla in ts  about  
the indoor  env i ronment  (Brauer ,  Budtz-Jorgensen & Mikke lsen,  2008) .  Th is  s tudy,  
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however ,  is  based on a random populat ion sample and thus cons is ts  of  people 
work ing in  a very broad var ie ty o f  bu i ld ings.  The assoc iat ion between symptoms 
and character is t ics  o f  the indoor  env i ronments remains unexamined.  
 
The d iscuss ion of  SBS shows the complex i ty o f  the re lat ionship  between var ious 
factors  in  work env i ronments.  I t  i l lus t rates the impor tance of  in tegrat ing phys ica l  
and psychosoc ia l  fac tors  in research of  indoor  env i ronments.  Regard ing the job-
demands resources f ramework both,  phys ical  and psychosoc ia l  fac tors  or  hazard 
can be regarded as demands.  
5.5. Individual work performance 
Ind iv idual  per formance re fers  to  employee’s  behav iours  that  are d i rected at  
meet ing organisat ional  goals  (Campbel l ,  McCloy,  Oppler  & Sager ,  1993) .  Not  a l l  
employee behaviour ,  however ,  leads to  sca lable  outcomes.  I t  may therefore be 
more adequate to  descr ibe ind iv idual  work per formance in terms of  behav iour  (and 
not  of  outcomes)  (Sonnentag & Frese,  2002) .  Borman and Motowid lo  (1993)  
d is t inguish between task and contextua l  per formance.  Task per formance descr ibes 
the ef fec t iveness of  employees ’  ac t iv i t ies  that  cont r ibute the organisat ion ’s  
“ technica l  core” ,  i .e .  act iv i t ies  that  normal ly are par t  of  formal  job descr ip t ions.  
These cont r ibut ions are e i ther  d i rect  ( implementat ion of  a par t  o f  the 
organisat ional  technica l  process,  e.g.  in the case of  product ion workers)  or  
ind i rect  (prov is ion of  mater ia ls  and serv ices,  e .g .  in the case of  managers or  s taf f  
personnel ) .  Contextua l  per formance refers  to vo luntary act iv i t ies  which  are not  
formal ly par t  of  the job,  i .e .  cont r ibut ions to organisat ional  e f fect iveness through 
shaping of  the organisat ional ,  soc ia l ,  and psycholog ica l  context .  Contextua l  
per formance inc ludes behaviours  such as he lp ing co-workers ,  making suggest ions 
to  improve work,  or  cont r ibut ing to  a  pos i t ive organisat ional  c l imate.  
 
In f luences on ind iv idual  work per formance is  analysed f rom d i f ferent  perspect ives 
and wi th  d i f ferent  goals  (Roe,  1999;  Sonnentag & Frese,  2002) .  Personnel  
se lect ion research a ims at  ident i fy ing s tab le t ra i ts  that  exp la in  and pred ic t  
ind iv idual  d i f ferences in job per formance.  Engineer ing psycholog is ts  are 
in terested in  the in f luence of  env i ronmenta l  fac tors  and manipu la t ions on 
per formance of  e lementary ar t i f ic ia l  tasks in order  to  s tudy bas ic  cogni t ive 
processes in  per formance (Wickens & Hol lands,  2000) .  Work psychology seeks to 
understand the regulat ion processes that  gu ide work per formance.  
 
The ind iv idual  d i f ferences perspect ive of  human personnel  se lect ion research 
revealed that  genera l ly,  ind iv idual  per formance can be understood as jo in t ly 
determined by ind iv idual  knowledge,  sk i l l ,  and mot ivat ion (Campbel l ,  1999) .  These 
categor ies seem to be bet ter  pred ic tors  of  work per formance than personal i ty 
factors .  Ev idence f rom a meta-analys is  shows that  the re la t ionships between 
personal i ty factors  and work  per formance are ra ther  smal l  (Barr ick  & Mount ,  
1991) .  By cont rast ,  meta-analyses prov ide ev idence for  a re la t ive ly s t rong 
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re la t ionship between cogni t ive ab i l i ty  and job per formance (Bobko,  Roth & 
Potosky,  1999;  Schmidt  & Hunter ,  1998) .  
These f ind ings are complemented by research on s i tuat iona l  fac tors  that  in f luence 
human work  per formance.  The s i tuat ional  inf luences perspect ive invest igates 
factors  in  the ind iv idual  work env i ronment  that  s t imulate,  fac i l i ta te ,  and suppor t  or  
h inder  per formance.  The work env i ronment  may h inder  per formance through 
in ter ference wi th  the t rans la t ion of  ab i l i t ies  and mot ivat ion in to  per formance.  A 
model  o f  const ra in ing factors  has been presented by Peters  and O'Connor  (1980) .  
These factors  ident i f ied inc lude job-re la ted in format ion,  tools  and equipment ,  
mater ia ls  and suppl ies ,  budgetary suppor t ,  requi red serv ices and he lp f rom others ,  
t ime ava i labi l i ty ,  and phys ica l  work env i ronment .  Laboratory exper iments  have 
prov ided suppor t  that  these factors  act  as per formance inh ib i tors  and have a 
negat ive impact  on employee sat is fact ion (Peters ,  O 'Connor  & Rudol f ,  1980) .  
These f ind ings were rep l icated in a f ie ld  set t ing wi th  three manager ia l  samples 
(O'Connor  et  a l . ,  1984) .  These s tud ies ind icate that  h igher  s i tuat ional  const ra ints  
are assoc ia ted wi th  lower  employee sat is fact ion.  A l though the resu l ts  are 
s tat is t ica l ly s ign i f icant ,  the magni tude of  the const ra int -per formance assoc ia t ion 
was smal ler  than expected:  the assoc ia t ion was marg ina l  for  per formance (1% 
expla ined var iance)  and smal l  for  sat is fact ion measures (3% expla ined var iance 
for  genera l  sat is fact ion,  10% expla ined var iance for  work sat is fact ion) .  However ,  
the f ind ings are cons is tent  wi th  resu l ts  f rom laboratory research and thus suppor t  
the const ruct  va l id i ty o f  regula t ion prob lems as postu la ted by act ion regulat ion 
theory.  
Fur ther  factors  in the work env ironment  that  inf luence work per formance are 
comfor t  parameters  such as l ight  (Vei tch,  2005) ,  temperature (Wyon & Wargock i ,  
2005b)  or  no ise (Sundst rom et  a l . ,  1994) .  These factors  are d iscussed in  more 
deta i l  in  chapter  6 .2.  
 
The prevai l ing approach of  the models  o f  work env i ronments  that  s t imulate ,  
fac i l i ta te,  and suppor t  per formance is  the job character is t ics  model  (Hackman & 
Oldham, 1976) .  Th is  model  assumes that  character is t ics  o f  jobs af fec t  c r i t ica l  
psycholog ica l  s ta tes wh ich in turn have an ef fect  on personal  and work outcomes 
(F igure 18) .  Th is  model  has dominated job des ign research (Humphrey,  Nahrgang 
& Morgeson,  2007;  Morgeson & Campion,  2003) .  As a consequence of  th is  focus 
on mot ivat ional  work features,  o ther  aspects  of  work  (soc ia l  env i ronment ,  
contextua l  aspects)  have rece ived much less at tent ion.  Essent ia l ly ,  the job 
character is t ics  model  is  a  mot ivat iona l  model  of  job per formance.  Meta-analyses 
show that  there are smal l  pos i t ive corre la t ions between job character is t ics  and 
ob ject ive per formance (superv isor  ra t ings  or  object ive data)  (Fr ied & Ferr is ,  
1987) .  A rep l icat ion and extens ion of  Fr ied and Ferr is ’s  (1987)  meta-analys is  by 
Humphrey e t  a l .  (2007)  shows that  autonomy has a pos i t ive re la t ionship  wi th  
ob ject ive per formance and that  autonomy,  task ident i ty,  task s ign i f icance,  and 
feedback f rom the job (but  not  sk i l l  var iety)  have pos i t ive corre lat ions wi th  
subject ive per formance.  
As a mot ivat ional  model  o f  job des ign,  the job character is t ics  model  focuses on a 
l imi ted set  of  work  features and neglects  o ther  aspects  of  work  such as 
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env i ronmenta l  and contextua l  aspects  (Humphrey et  a l . ,  2007;  Morgeson & 
Campion,  2003) .  Humphrey et  a l .  (2007)  extend th is  focus and in tegrate 
mot ivat iona l ,  soc ia l ,  and work context  character is t ics .  In  the i r  meta-analys is  they 
show that  four teen work character is t ics  exp la in  on average 43% of  the var iance in 
n ineteen worker  a t t i tudes and behaviours .  Mot ivat ional  character is t ics  were found 
to  exp la in  25% of  the var iance in subject ive per formance;  soc ia l  character is t ics  
exp la ined an addi t ional  9%. Work context  character is t ics  were found to  exp la in  
un ique var iance in  job sat is fact ion (4%) and in s t ress (16%) but  not  in 
per formance.  
 
 
 
Figure 18. Job characterist ics model (Oldham, 1996, modif ied) 
Though s temming f rom d i f ferent  theoret ica l  and methodolog ica l  t rad i t ions,  act ion 
regula t ion theory and the job character is t ics  model  formulate  very s imi lar  
d imensions of  job des ign that  af fect  per formance and wel l -be ing (Kompier ,  2003) .  
Act ion regulat ion theory combines the s i tuat ional  in f luence perspect ive wi th  a  
per formance regulat ion perspect ive:  based on a model  of  act ion regulat ion (see 
chapter  4 .1) ,  job features are ident i f ied.  The act ion regulat ion theory perspect ive 
on per formance focuses on regulat ion prob lems (see chapter  4.1 .4)  and on act ion-
re levant  knowledge bases.  The development  of  goals  and execut ion p lans and the 
cogni t ive regulat ion of  act ion are dependent  on menta l  representat ions of  the 
impor tant  parameters  of  work  tasks and contextua l  condi t ions (Frese & Zapf ,  
1994) .  Th is  background knowledge is  acqui red in  learn ing processes that  invo lve 
pract ice.  Inte l lec tua l  understanding evo lves wi th  pract ica l  exper ience.  Therefore,  
cont ro l  is  a  cruc ia l  character is t ic  of  job des ign because i t  a l lows for  the evo lu t ion 
  73 
of  task re levant  knowledge through learn ing exper iences.  Fur thermore,  cont ro l  
a l lows for  choos ing adequate s t rateg ies to deal  wi th  s i tuat ions and to  p lan ahead.  
Thus workers  wi th  h igh cont ro l  (and a cer ta in  amount  of  exper ience,  i .e .  task and 
act ion re levant  knowledge)  can react  more f lex ib ly and per form bet ter  than 
workers  wi th  low cont ro l .  
Whi le  cont ro l  refers  to  regulat ion poss ib i l i t ies ,  complex i ty o f  tasks re fers  to 
regulat ion requi rements (see chapter  4.1) .  Complex i ty is  an impor tant  feature of  
jobs because i t  can lead to qual i tat ive or  quant i ta t ive regulat ion over load or  
s t ress.  
S imi lar ly to  cont ro l ,  var ie ty is  cons idered an impor tant  feature of  tasks.  Var ie ty 
descr ibes the amount  of  d i f ferent  act ions requi red by the task (Frese & Zapf ,  
1994) .  In addi t ion to  learn ing exper iences and fu l l  u t i l isa t ion of  sk i l ls  and 
knowledge,  var ie ty a lso prevents  s t ra in  in jur ies  f rom repet i t ive movements.  A 
fur ther  impor tant  character is t ic  of  jobs f rom the perspect ive o f  act ion regula t ion 
theory is  the completeness of  ac t ion.  Th is concept  re fers  to the number  o f  s teps 
assoc ia ted wi th  a  task.  An act ion is  cons idered complete when i t  invo lves a l l  
regula t ion s teps in the act ion process,  in par t icu lar  goal  set t ing,  p lan 
development ,  dec is ion making,  execut ion moni tor ing,  and feedback.  Both,  
acquis i t ion of  task re levant  knowledge and act ion regulat ion can be suppor ted by 
co-workers  and superv isors .  Therefore,  co-operat ion and soc ia l  suppor t  is  a  
fur ther  job character is t ic  cons idered impor tant  in  act ion regulat ion theory.  
 
Whi le  per formance is  the major  issue in  workp lace in tervent ions f rom an 
organisat ional  perspect ive,  there is  l i t t le  agreement  on the measurement  of  work  
per formance.  Management  of  product iv i ty and assessment  o f  per formance of  
knowledge work are a much debated chal lenge (Drucker ,  1999) .  Measur ing work 
per formance of  knowledge workers  in  re la t ion to  work env i ronments  poses severa l  
prob lems (van der  Voordt ,  2003) .  A l though f rom a methodolog ica l  po in t  of  v iew 
object ive measures would be prefer red,  they are of ten e i ther  unavai lable  or  
inappropr ia te  for  the tasks because most  of f ice  work  cannot  be measured as 
output .  Removing the cons iderat ion of  per formance f rom the research des ign is  no 
des i rab le  a l ternat ive,  therefore subjec t ive per formance measures are used as 
subst i tu tes for  ob ject ive per formance measures (Dess & Robinson Jr ,  1984) .  
 
Recent  research on the bas is  of  the Job Demands-Resources model  in tegrates the 
issues d iscussed above and suggests  work engagement  as a proxy measure for  
ind iv idual  work per formance (Bakker  & Le i ter ,  2010) .  Work engagement  is  v iewed 
as a  pos i t ive  ind icator  o f  work- re lated ad justment  (Demerout i  & Cropanzano,  
2010) .  I t  is  descr ibed as a pos i t ive,  fu l f i l l ing,  work- re lated s tate  of  mind.  The 
exper ience of  work engagement  is  character ised by v igour ,  dedicat ion,  and 
absorpt ion (Schaufe l i  & Bakker ,  2004) .  V igour  re fers  to  h igh leve ls  o f  energy whi le  
work ing.  Dedicat ion is  descr ibed as a sense of  s ign i f icance,  enthus iasm, 
insp i ra t ion,  and pr ide.  V igour  and dedicat ion are the pos i t ive opposi tes of  
exhaust ion and cyn ic ism;  two d imensions that  character ise the core of  the burnout  
const ruct  (Demerout i  & Bakker ,  2008) .  The th i rd  d imensions of  work engagement ,  
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absorpt ion,  is  character ised by be ing fu l ly concentra ted and happi ly engrossed in 
one’s  work .  
Work engagement  is  a mot ivat ional  const ruct  and as such has a s t ronger  e f fect  on 
job per formance than other  re la ted const ructs ,  such as job sat is fact ion,  for  
example.  Therefore,  i t  is  cons idered as an impor tant  antecedent  of  per formance 
and may serve as a proxy measure for  work per formance (Demerout i  & 
Cropanzano,  2010) .  Work engagement  is  the resul t  o f  the conf igurat ion of  job 
demands ( regulat ion prob lems)  and resources (such as the job character is t ics  
descr ibed in the job character is t ics  model  and soc ia l  suppor t ) .  Work engagement  
thus prov ides a theoret ica l  l ink  between demands,  resources,  and job 
per formance.  
5.6. Interrelations among outcomes 
The f ive outcome d imensions d iscussed above are not  independent .  At t i tud ina l  
react ions ( job and env ironmenta l  sat is fact ion,  commitment)  are eva luat ive 
judgments summar iz ing cogni t ive and af fect ive react ions that  resu l t  f rom 
accommodat ion and adaptat ion in  work env i ronments .  From the act ion-regulat ion 
theory po in t  o f  v iew,  work  s i tuat ions assoc ia ted wi th  many regula t ion prob lems are 
l ike ly to  cause d issat is fact ion and to  reduce organisat ional  commitment .  
Per formance may remain constant  even in  the presence of  regulat ion prob lems 
because problems are compensated by ext ra  regulat ion ef for ts .  There is  ev idence 
that  these ext ra  ef for ts  in  such s i tuat ions can impai r  heal th.  The at t i tud ina l ,  
behavioura l ,  and heal th- re la ted outcome d imensions therefore are in ter re la ted.  
The re la t ionship  between job sat is fac t ion and job per formance is  d iscussed in  
chapter  5 .1.  The mean corre la t ions repor ted range between 0.17 and 0.30 
( Iaf fa ldano & Muchinsky,  1985;  Judge et  a l . ,  2001) .  S imi lar  s ize corre lat ions are 
repor ted for  the re lat ionship  between sat is fac t ion and heal th  measures (Warr ,  
2005) .  
 
The re la t ionship  between job and env i ronmental  sat is fact ion is  theoret ica l ly and 
empir ica l ly unc lear .  Env i ronmenta l  sat is fact ion can be regarded a facet  o f  job 
sat is fact ion (Sundst rom, 1986) .  Th is  v iew is  based on a facet  approach to job 
sat is fact ion that  v iews job sat is fac t ion as a const ruct  composed of  spec i f ic  and 
separate areas of  sat is fact ion.  The prob lem of  such an approach,  however ,  l ies  in  
the se lect ion of  facets .  A facet  approach to job sat is fact ion may neglect  aspects  o f  
a  job that  are impor tant  to  employees and may inc lude facets  that  are un impor tant .  
A theoret ical  a l ternat ive is  the conceptual isat ion of  job sat is fact ion as an overa l l  
const ruct .  Measures fo l lowing th is  approach a l low employees to  cons ider  a l l  the 
aspects  of  the i r  jobs they cons ider  relevant .  As a consequence,  facet  sat is fact ion 
or  a combinat ion of  facet  sat is fact ions is  someth ing d i f ferent  f rom overa l l  
sat is fact ion.  Th is  propos i t ion is  conf i rmed by medium corre la t ions between g lobal  
and facet  job sat is fac t ion in  empir ica l  s tud ies (Highhouse & Becker ,  1993;  
I ronson,  Smi th ,  Brannick,  Gibson & Paul ,  1989) .  Global  sat is fact ion measures 
corre late  h igher  wi th  organisat iona l  outcomes such as job per formance than facet  
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measures ( Ia f fa ldano & Muchinsky,  1985) .  Th is h igher  corre la t ion,  however ,  comes 
wi th  the pr ice o f  reduced in terpretab i l i ty  o f  the content  of  job sat is fac t ion and 
therefore has l i t t le  va lue for  gu id ing in tervent ions in organisat ions.  
Empir ica l  research has tended to  f ind env i ronmenta l  sat is fact ion to  be a facet  of  
job sat is fac t ion (J .  R.  Car lop io ,  1996;  Vei tch et  a l . ,  2007) .  These f ind ings,  
however ,  are equivocal  and other  s tud ies fai led to  rep l icate the resu l ts  (Newsham 
et  a l . ,  2009) .  
 
Job sat is fact ion and organisat ional  commitment  are h igh ly corre lated in  empi r ica l  
s tud ies (Gaer tner ,  1999;  Meyer ,  Stan ley,  Herscov i tch & Topolnytsky,  2002) .  The 
causal  re lat ion between the two const ructs ,  however ,  remains unc lear .  Whi le  
Gaer tner ’s  (1999)  resu l ts  ind icate that  job sat is fact ion might  funct ion as a 
mediator  between character is t ics  o f  work  set t ings and commitment ,  most  
researchers cons ider  job sat is fac t ion and organisat ional  commitment  as  two 
mutual ly dependent  outcomes (J .  R.  Car lop io ,  1996;  Meyer  e t  a l . ,  2002;  Van 
Scot ter ,  2000) .   
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6. The Office Environment 
Off ices are def ined by the i r  form and the i r  funct ion.  Of f ice env i ronments are 
des igned for  cer ta in purposes.  These purposes are der ived f rom the user  
organisat ion’s  work  pat terns and cu l ture and f rom users ’  needs.  Of f ice 
env i ronments  cons is t  in  a  system of  d i f ferent  facets  o f  the phys ica l  env i ronment ,  
such as the of f ice bu i ld ing,  of f ice room layouts ,  workstat ions,  and ambient  
condi t ions (Sundst rom,  1986) .  Percept ions of  o f f ice  env i ronments ,  i .e.  o f f ice 
character is t ics ,  can be c lustered into  ambient  env i ronment ,  mater ia l  env i ronment ,  
and soc io-spat ia l  env i ronment  (McCoy & Evans,  2005;  Sundst rom, 1986) .  These 
aspects  of  the of f ice env i ronment  are inf luenced by character is t ics  o f  the of f ice 
bu i ld ing,  locat ion,  and spat ia l  organisat ion of  o f f ices.  Employees are regarded as 
act ive users of  o f f ices.  Thei r  exper ience is  not  determined by of f ice des ign but  
they exer t  cont ro l  over  the i r  env i ronment  (see F igure 19 for  an overv iew) .  
 
 
 
Figure 19. Conceptual model of  the off ice environment  
At present ,  there is  l i t t le  ev idence for  an assessment  o f  the re la t ive impor tance of  
these facets  regard ing sat is fact ion,  commitment ,  per formance,  and heal th .  Marans 
and Spreckelmeyer  (1982)  found that  assessments  of  larger  env i ronmenta l  
set t ings ( i .e.  the of f ice bu i ld ing)  are in f luenced by of f ice users ’  fee l ings about  
the i r  immediate workp lace.  This  f ind ing is  s tated more prec ise ly by Donald (1994)  
on the bas is  o f  a  survey of  user  exper iences of  o f f ice spaces.  In th is  s tudy,  no 
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genera l  d is t inc t ion in the evaluat ions between the of f ice and the immediate 
workspace was found.  More prec ise ly,  a  spec i f ic  d is t inc t ion between evaluat ions 
of  the workspace and the wider  o f f ice  was on ly found regarding soc io-spat ia l  
phenomena such as pr ivacy and communicat ion but  not  for  serv ices and non-
soc ia l  spaces.  
 
In  th is  chapter ,  the re lat ionship between of f ice env i ronment  facets  and outcomes 
( job sat is fact ion,  env i ronmenta l  sat is fact ion,  organisat ional  commitment ,  heal th,  
ind iv idual  per formance)  are d iscussed.  
Character is t ics  of  o f f ice env i ronments  can be c lass i f ied in to env i ronmenta l  
condi t ions and soc io-spat ia l  env i ronmenta l  var iab les (Baron,  1994;  Haynes,  2007;  
Sut ton & Rafael i ,  1987) .  The most  f requent ly d iscussed phys ica l  aspects  are 
env i ronmenta l  s t ressors  such as no ise,  temperature,  l ight ing,  and a i r  qual i ty (see 
rev iews by Baron,  1994;  G.  W.  Evans,  2001;  G.  W.  Evans & Cohen,  1987;  McCoy 
& Evans,  2005;  Rashid & Z imr ing,  2008) .  As for  the soc io-spat ia l  var iab les,  
pr ivacy and crowding are the most  prevalent  (Baron,  1994;  G.  W. Evans,  2001;  G.  
W. Evans & Cohen,  1987) .  In addi t ion to env i ronmenta l  condi t ions and soc io-
spat ia l  env i ronmenta l  var iab les as categor ies of  env i ronmenta l  s t ressors ,  o f f ice 
des ign is  proposed as a th i rd  category here.  This  category inc ludes the locat ion of  
the of f ice bu i ld ing,  use of  space,  mater ia l  aspects  such as furn i ture,  f ix ture and 
equipment ,  and natura l  v iews (Dona ld,  1994;  McCoy & Evans,  2005;  Rashid & 
Z imr ing,  2008) .   
The three categor ies of  o f f ice env i ronment  character is t ics  in teract  in rea l  o f f ice 
bu i ld ings.  However ,  for  analyt ic  and descr ip t ive convenience,  the ef fects  of  the 
s t ressors  are d iscussed separate ly.   
 
Theoret ica l ly most  env i ronmenta l  in f luences fo l low an inver ted U-shaped funct ion 
between phys ica l  s t imulat ion leve ls  and human react ions:  Too much s t imulat ion 
causes over load and too l i t t le  s t imulat ion causes sensory depr ivat ion (G.  W.  
Evans & Cohen,  1987) .  Both of  these mechanisms produce s t ress.  In rea l i ty the 
s t imulat ion leve ls  are l imi ted by leg is la t ion,  technica l  s tandards,  and des ign 
pract ice.  For  example,  wh i le  too much l ight ing causes g lare and thus reduces 
sat is fact ion and per formance,  an adequate leve l  o f  l ight  at  the workstat ion may 
remain unnot iced (and therefore not  promote sat is fact ion,  wel l -be ing,  and 
per formance) .  On the other  hand,  the presence of  a  window near  the workstat ion 
may have pos i t ive consequences and may act  as  a  buf fer  for  the ef fects  of  other  
s t ressors  (e.g .  job s t ress,  Leather ,  Pyrgas,  Beale & Lawrence,  1998) .  Therefore,  
o f f ice env i ronment  character is t ics  are not  on ly d iscussed under  the focus of  s t ress 
but  a lso regard ing the i r  potent ia l  cont r ibut ions to  sat is fac t ion,  commitment ,  hea l th,  
and per formance.  
6.1. Office building and location 
The integrat ion of  phys ica l  bu i ld ing data in o f f ice bu i ld ing evaluat ion has rece ived 
l i t t le  at tent ion.  Current  rev iews of  the bu i ld ing-heal th  re lat ionship  (e.g .  Rashid & 
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Z imr ing,  2008)  or  bu i ld ing-product iv i ty rela t ionship (e.g.  Pre iser  & Vischer ,  2005;  
van der  Voordt ,  2003;  Davis ,  Leach & Clegg,  2011)  do not  inc lude bu i ld ing 
locat ion,  form,  and outdoor  env i ronment .  Ins tead they focus on indoor  env i ronment  
and i ts  re lat ionship wi th  heal th or  sat is fact ion10.   
In  a rev iew of  of f ice concepts  on worker  heal th and per formance De Croon et  a l .  
(2005)  s tate that  there is  not  enough ev idence to  conc lude on the ef fect  of  o f f ice 
locat ion on long- term react ions such as heal th  or  product iv i ty.  C lements-Croome & 
L i  (2000)  ident i f ied a smal l  ef fect  o f  the outdoor  env i ronment  on product iv i ty but  
th is  e f fect  was marg ina l  compared to the ef fect  of  the indoor  env i ronment .  
There is  l imi ted ev idence about  the impact  o f  of f ice bu i ld ing proper t ies  on bu i ld ing 
users ’  sat is fact ion,  per formance,  or  heal th.  The notab le except ion is  research on 
ef fects  of  windows on of f ice users .  Windows are impor tant  for  three reasons 
(McCoy,  2002) :  (1)  they a l low for  v iews f rom the workspace,  (2)  they in f luence 
l ight ing qual i ty and the sat is fact ion wi th  l ight ing (see chapter  6.2 .3) ,  and (3)  
openable windows have an impact  on perce ived indoor  a i r  qual i ty (see chapter  
6 .2 .2) .  Fur thermore,  operable  windows prov ide an oppor tun i ty for  adapt ion of  
thermal  comfor t  and prov ide a thus sense of  cont ro l  over  the env i ronment  (Bar low 
& F ia la ,  2007,  see a lso chapter  6 .2.4) .  
 
V iews of  a  natura l  env i ronment  have been shown to  enhance of f ice workers  heal th 
and sat is fact ion (R.  Kaplan,  1993) .  V iews of  a  natura l  env i ronment  f rom a hospi ta l  
room are known to  shor ten recovery t ime for  surgery and reduc ing pa in  
medicat ions (Ul r ich,  1984) .  R.  Kaplan (1993)  argues that  windows are not  on ly 
impor tant  as  sources of  l ight ,  sunshine and in format ion about  the weather ,  but  that  
the qual i ty o f  the v iews f rom the windows is  impor tant  as wel l .  Accord ing to her  
research the psycholog ica l  benef i ts  o f  v iews f rom the workp lace are fu l ly  fos tered 
on ly i f  there is  a  min imum of  natura l  e lements :  “ the e lements  of  nature that  seem 
to make such a s t rong di f ference need not  be any more than a few t rees,  some 
landscaping,  or  some s igns of  vegetat ion.  In fact ,  the presence of  other  bu i ld ings 
or  park ing lo ts  does not  seem to be a prob lem, as long as the natura l  wor ld  is  
there too”  (R.  Kaplan,  1993,  p.  199) .  Fur ther  ev idence for  th is  argument  comes 
f rom a s tudy on d i rect  and ind i rect  e f fects  o f  windows on job sat is fac t ion and wel l -
be ing (Leather  e t  a l . ,  1998) .  They found that  sunl ight  penetrat ion had a d i rect  
pos i t ive e f fect  on job sat is fact ion,  in tent ion to qu i t ,  and genera l  wel l -be ing.  The 
v iew of  natura l  e lements  buf fered negat ive impacts  of  job s t ress on intent ion to  
qu i t  and had a s imi lar  (marg ina l )  ef fect  on genera l  wel l -be ing.   
Green surroundings thus seem to  be an impor tant  factor  cont r ibut ing to  the qual i ty 
o f  an of f ice bu i ld ing ’s  locat ion.  The v iew of  a  natura l  env i ronment  may be a more 
impor tant  aspect  o f  windows than access to  day l ight  because in  many European 
count r ies  access to dayl ight  is  mandatory by leg is la t ion (Van Meel  et  a l . ,  2006) .  
Thus not  amount  and s ize of  windows but  the qual i ty o f  what  can be seen through 
the windows makes a d i f ference in  the qual i ty o f  an of f ice bu i ld ing ’s  locat ion.  
                                                          
10 Rash id  &  Z imr ing  (2008)  p ropose  an  arch i tec tu ra l  and /o r  i n te r i o r  des ign  ca tegory  i n  the i r  
rev iew o f  the  empi r i ca l  l i te ra tu re  on  the  re la t i onsh ip  be tween  indoor  env i ronment  and  
s t ress  in  hea l th  ca re  and  o f f i ce  se t t i ngs .  However ,  t hey  do  no t  d i scuss  the  in f l uences  o f  
e lements  o f  th i s  ca tegory  on  s t ress .  
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Apar t  f rom windows and v iews f rom the workp lace,  locat ion d id  not  rece ive much 
at tent ion in research on user  percept ions of  o f f ice bu i ld ings.   
 
A l though methods for  assessment  o f  bu i ld ing locat ion,  form,  and outdoor  
env i ronment  are avai lable  (Baird ,  Gray,  Isaacs,  Kernohan & McIndoe,  1996;  
Pre iser  & Vischer ,  2005;  van der  Voordt  & van Wegen,  2005)  resu l ts  f rom such 
bu i ld ing qual i ty assessments  have not  been connected to user- re lated data.  
Ins tead these methods are used for  match ing demand and supply wi th  focus on 
funct ion and/or  economic aspects  (Bai rd et  a l . ,  1996) .  Methods used in  bu i ld ing 
qual i ty assessment  usual ly are exper t -based methods and do not  invo lve user  
surveys.  Where data f rom both sources have been co l lec ted,  convergence between 
users ’  assessments  and the v iew of  des igners and fac i l i t ies  managers is  usual ly 
low (see Chigot ,  2005 for  a rev iew of  convergences of  sub ject ive and object ive 
assessments  of  no ise in o f f ices) .  The reason for  th is  d i f ference may be an 
emphasis  on the purpose of  a fac i l i ty  or  bu i ld ing by the users.  Bui ld ing users may 
s t ress the usabi l i ty  o f  the i r  sur roundings whi le  des igners and fac i l i t ies  managers 
focus on funct ional i ty (K.  A lexander ,  2008) .  Consequent ly,  user  assessments o f  
fac i l i t ies  (usabi l i ty)  are s t rongly and systemat ica l ly re la ted to  measures of  the 
user-or iented outcomes (e .g.  per formance,  wel l -be ing,  heal th)  whi le  engineer ing 
assessments of  fac i l i t ies  are not  (see Rober ts ,  2009 for  a s tudy i l lus t rat ing th is  
argumentat ion in  school  fac i l i t ies)  (Windl inger ,  Nenonen & Ai ro ,  2010) .  
 
Empir ica l  ev idence on the ef fects  o f  o f f ice locat ion and of f ice bu i ld ing on of f ice 
users  would  be des irab le  for  rea l  esta te companies and archi tects  because i t  
would a l low ev idence-based des ign.  From a theoret ica l  perspect ive,  knowledge 
about  of f ice locat ions and of f ice bu i ld ings are des i rab le  as an extens ion and 
complement  to ava i lab le knowledge on of f ice indoor  env i ronments .  
6.2. Office Indoor Environmental Conditions and 
Comfort 
Off ice indoor  env i ronmenta l  condi t ions inc lude ambient  condi t ions such as no ise,  
c l imate and a i r  qual i ty,  l ight ing.  Addi t iona l ly,  cont ro l  over  env i ronmental  
condi t ions and funct ional  qual i ty o f  workp laces are cons idered impor tant  aspects  
o f  the ambient  env i ronment  in  of f ices (McCoy & Evans,  2005) .  
 
Summar iz ing f ind ings f rom post -occupancy evaluat ions,  Leaman & Bordass (2005)  
s tate  that  overa l l  comfor t  and se l f -assessed per formance corre la te s t rongly on the 
leve l  o f  bu i ld ings and therefore overa l l  comfor t  should be cons idered an impor tant  
var iab le .  In these s tud ies,  overa l l  comfor t  was used as an umbre l la  concept  that  
covers  o f f ice users ’  percept ions of  no ise,  c l imate,  vent i la t ion,  and l ight ing taken 
together  in an overa l l  assessment .  However ,  Humphreys (2005)  prov ides ev idence 
that  overa l l  comfor t  measures obscure the nature of  sat is fact ion and 
d issat is fact ion wi th  the indoor  env i ronment .  In  a  s tudy inc lud ing 26 of f ices in 
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Europe they found d i f ferences between aspect  and overa l l  env i ronmenta l  comfor t .  
Fur thermore,  the re la t ive impor tance of  d i f ferent  aspects  d i f fered between 
count r ies  and i t  was imposs ib le  to  develop a model  that  represents  the data f rom 
occupants ’  assessments.   
 
D i f ferent  aspects  o f  the of f ice indoor  env i ronment  are therefore d iscussed 
separate ly in  th is  chapter  and the l i terature for  each aspect  is  d iscussed in  
re la t ion to ef fects  on users ’  heal th ,  per formance,  and at t i tudes (see Gi f ford,  
2002) .  
6.2.1. Noise 
Noise can be def ined as unwanted sound (Gi f ford,  2002) .  Low- in tens i ty no ise is  
typ ica l  for  of f ice env i ronments  and among the most  common annoying sources in 
o f f ices (Banbury & Berry,  2005;  Sundst rom,  1986) .   
There is  extens ive ev idence on the ef fects  o f  in format ional  content  o f  perce ived 
of f ice no ise:  Nemecek and Grandjean (1973)  repor t  that  no ise produced by 
co l leagues in  the same of f ice room is  the most  f requent ly named source of  
d is turb ing noise,  independent  of  i ts  in tens i ty.  In a  survey of  more than 2000 
c ler ica l  workers  in  d i f ferent  o f f ice types Sundst rom et  a l .  (1994)  found that  54% 
compla ined about  one or  more sources of  no ise.  The most  f requent  sources of  
d issat is fact ion wi th  acoust ics  in th is  research are te lephones r ing ing and people 
ta lk ing face- to- face or  on the phone.  S imi la r  resu l ts  are repor ted by Jensen,  Arens 
& Zagreus (2005)  who rev iew survey resu l ts  f rom 142 bu i ld ings.  Thei r  analyses 
conf i rm that  the three sources of  o f f ice no ise ment ioned above are the most  
impor tant  sources in a var ie ty o f  of f ices types.  
 
The negat ive ef fects  o f  no ise on heal th  and wel l -be ing are most ly mediated by 
exper ience of  s t ress.  Noise in  of f ices can over tax process ing capaci t ies  but  does 
not  reach intens i ty leve ls  that  are dangerous for  the human ear .  Thus,  not  no ise 
leve ls ,  but  no ise events  and qual i t ies  ( i .e.  nonphys ica l  character is t ics  o f  sound)  
are s t ressfu l .  However ,  no ise in  of f ices may produce neuroendocr ine react ions 
and a l ter  s t ress hormone leve ls  in  absence of  perce ived s t ress (G.  W.  Evans & 
Johnson,  2000) .  Pro longed e levat ion of  hormone leve ls  cont r ibutes to a  var ie ty o f  
heal th  prob lems (Cox et  a l . ,  2000;  McEwen,  1998) ,  such as increased 
card iovascular  r isk.  
 
In  addi t ion to  the qual i ty o f  no ise,  the type of  work tasks has to  be cons idered:  
d i f ferent  tasks are not  af fec ted to the same degree by of f ice no ise (Banbury & 
Berry,  1998) .  Par t icu lar ly,  task i r re levant  background speech in ter feres wi th  verba l  
per formance (Banbury et  a l . ,  2001) :  The h igher  the in format ional  content  and 
in tens i ty o f  no ise the longer  the t ime needed to complete tasks is  needed and the 
more er rors  are made.  Noisy and in format ional  r ich env i ronments  coupled wi th  
complex tasks lead of f ice users  to  abandon work  on tasks or  to  leave tasks 
incomplete.  The reason for  th is  behav iour  is  an unfavourable  e f for t -output  
ca lcu la t ion caused by no ise that  requi res more ef for t  and t ime to  be invested in  
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order  to  achieve sat is fy ing resu l ts  (Sust  & Lazarus,  2002) .  Of f ice no ise is  
therefore a prob lem par t icu lar ly impor tant  for  knowledge workers .  There seems to  
be no habi tuat ion to  sounds that  poss ib ly impai r  concent ra t ion in o f f ices (Banbury 
& Berry,  2005) .  As a resu l t ,  permanent  compensatory e f for ts  are needed in  order  
to  mainta in concent rat ion on work tasks.  Th is  compensatory e f for ts  may lead to 
over tax ing of  resources and consequent ly to  heal th  prob lems and per formance 
decrements.  
 
There is  some ev idence that  of f ice no ise reduces work mot ivat ion.  In  a laboratory 
exper iment ,  Evans & Johnson (2000)  compared s t ress exper ience and mot ivat ion 
of  a group of  c ler ica l  workers  in a  low- in tens i ty no ise condi t ion that  s imulated 
typ ica l  open-of f ice leve ls  wi th  workers  in a  cont ro l  condi t ion.  Thei r  resu l ts  suggest  
that  s t ress exper ience as measured in workers  ur inary ep inephr ine leve ls  was 
h igher  in  the exper imenta l  condi t ion.  Perce ived s t ress,  however ,  d id  not  d i f fer  
between the two groups.  Mot ivat ion measures af ter  a  three-hour  expos i t ion to the 
of f ice env ironment  ind icated that  sub jects in  the exper imenta l  condi t ion were less 
mot ivated.  
 
Of f ice no ise leads to d is turbance and d isrupt ion of  work and negat ive ly in f luences 
of f ice env ironment  sat is fact ion (Lee & Brand,  2005)  and job sat is fac t ion 
(Sundst rom et  a l . ,  1994) .  Leather  e t  a l . ,  2002)  invest igated the in f luence of  
env i ronmenta l  no ise on job sat is fac t ion,  wel l -be ing,  and organisat iona l  
commitment .  Cont rary to  o ther  research (e .g.  Sundst rom et  a l . ,  1994)  no d i rect  
e f fects  were  found.  However ,  reduced env i ronmenta l  no ise seems to buf fer  
negat ive ef fects  o f  psychosoc ia l  job s t ress on job sat is fac t ion,  wel l -be ing,  and 
organisat ional  commitment .  
 
In  summary,  the d is t ract ing in f luences of  of f ice no ise are wel l  documented as wel l  
as  i ts  negat ive ef fect  on of f ice env i ronment  sat is fact ion,  job sat is fact ion,  
mot ivat ion,  and heal th .  There are ind icat ions that  non-phys ica l  qual i t ies  o f  no ise 
are more impor tant  than the env i ronmenta l  no ise leve l  ( in tens i ty) .  The prob lems 
assoc ia ted wi th  no ise are espec ia l ly ser ious in  open of f ice s t ructures (as 
compared to pr ivate of f ice rooms)  (Jensen et  a l . ,  2005;  Kaar le la-Tuomaala,  
Helen ius,  Kesk inen & Hongis to ,  2009;  Pej tersen et  a l . ,  2006) .  
6.2.2. Indoor Climate, Thermal Comfort, and 
Indoor Air Quality 
Cl imate refers  to thermal  comfor t  and is  main ly a f fected by a i r  and rad iant  
temperature,  re la t ive humid i ty,  and a i r  movement .  The thermal  env i ronment  
causes adapt ive responses:  in  warm environments internal  heat  product ion is  
lowered in  order  to  avo id  sweat ing.  As  a consequence arousal  is  lower  and may 
lead to a  s lower  work ra te .  Most  o f  the t ime,  of f ice workers  are not  ser ious ly 
a f fected by indoor  c l imate because they can ad just  the temperature or  a i r  
movement  or  ad just  the i r  c loth ing (Brager & de Dear ,  1998) .  Users thereby react  
to  changes in  thermal  condi t ions and percept ions o f  of f ice  temperatures are 
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c lose ly re la ted to phys ica l ly measured temperatures (Hedge,  Er ickson & Rubin,  
1996) .  
Indoor  a i r  qual i ty is  a  second e lement  of  the indoor  a tmosphere that  in f luences 
heal th  sat is fact ion,  and work behaviour .  A i r  qual i ty re fers  to the f reshness,  
c leanl iness,  and p leasantness of  the resp irab le  a tmosphere.  Because of  the 
mul t i tude of  in f luenc ing factors  and espec ia l ly potent ia l  contaminants ,  Fanger  
(2006)  proposes to  def ine a i r  qual i ty as the degree to  which  human requi rements  
are met .  Fo l lowing th is  propos i t ion,  a i r  qual i ty assessments can be conceptua l ised 
as a comfor t  measure.  
 
Severa l  s tud ies show that  thermal  comfor t  has an impor tant  impact  on overa l l  
env i ronmenta l  sat is fact ion (J .  R.  Car lop io ,  1996;  Vei tch et  a l . ,  2007) .  In addi t ion 
to  thermal  var iab les,  perce ived cont ro l  of  env i ronmenta l  condi t ions exer ts  
in f luence on thermal  comfor t  (Pac iuk,  1990) .  
 
Indoor  c l imate ’s  in f luence on heal th is  usual ly researched in connect ion wi th  a i r  
qual i ty and Sick Bui ld ing Syndrome symptoms (Rashid & Z imr ing,  2008;  Wyon & 
Wargock i ,  2005b) .  
Fang,  Wyon,  Clausen & Fanger  (2004)  found s ign i f icant  ef fects  of  temperature and 
re la t ive humid i ty on fa t igue and headache:  A i r  temperatures above 23°C wi th  
re la t ive humid i ty above 50% ampl i f ied the in tens i ty o f  these symptoms compared 
to  a 20°C /  40% re la t ive humid i ty condi t ion.  
Addi t iona l ly ,  type of  vent i la t ion,  of f ice layout ,  temperature and humid i ty in f luence 
the t ransmiss ion of  common resp i ratory i l lnesses (F isk ,  2000) .  S imi lar  resu l ts  are 
repor ted by Wi t terseh et  a l .  (2004) .  They found s ign i f icant  ef fects  of  ra ised 
temperature on mucous membrane i r r i tat ion (eye,  nose and throat  dryness)  and 
headache.  
Mendel l  & Mirer  (2009)  present  data f rom 95 a i r  condi t ioned of f ice bu i ld ing and 
about  4000 employees that  suggest  that  the re lat ionship between temperature and 
SBS symptoms is  sub ject  to seasonal  d i f ferences.  In the i r  analyses,  increas ing the 
mean temperature f rom 21.6°C to 24.8°C in win ter  leads to a  substant ia l  increase 
in  most  SBS symptoms whi le  the same temperature increment  in summer resu l ts  in 
a  decrease of  most  symptoms.  
 
A i r  qual i ty re fers  to  the at t r ibutes of  resp irab le  indoor  a i r  such as i ts  composi t ion 
or  degree of  c leanl iness.  Indoor  a i r  can be contaminated by combust ion gases 
(e .g.  carbon monoxide,  carbon d iox ide) ,  vo la t i le  organic  compounds (e.g .  
formaldehyde) ,  resp irab le  par t icu la tes,  and microb io log ica l  organisms (such as 
bacter ia or  fungi )  (Hedge,  2000) .  Vent i la t ion rates lower  than 10L/s  per  person 
seem to increase SBS symptoms and vent i la t ion rates of  25L/s  per  person seem to 
fur ther  reduce SBS symptoms (F isk  e t  a l . ,  2009;  Seppänen & F isk,  2004;  Wargock i  
e t  a l . ,  2002b) .  Exper imenta l  research showed that  a i r  po l lut ion in o f f ices through a 
20 year  o ld  carpet  f rom a bu i ld ing wi th SBS h is tory seems to  cause phys ica l  
symptoms such as i r r i tat ion of  nose,  eyes,  and throat  (Wargock i ,  Lagercrantz ,  
Wi t terseh,  Sundel l ,  Wyon & Fanger ,  2002a) .  From the s tud ies repor ted by 
Wargock i  et  a l .  (2002a)  po l lu t ion seems to be the cause of  dry a i r  percept ion 
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because percept ions d isappeared when the source of  po l lu t ion was removed 
a l though the re la t ive humid i ty remained unchanged.  
 
Severa l  s tud ies agree on d i f ferent  consequences of  d i f ferent  vent i la t ion systems 
on SBS symptoms (Seppänen & F isk,  2004;  Zweers et  a l . ,  1992) .  These s tud ies 
show that  the preva lence of  such symptoms is  h igher  in  a i r -condi t ioned bu i ld ings 
than in natura l ly or  mechanica l ly vent i la ted bu i ld ings.   
 
From a meta-analys is  of  twenty- three s tud ies examin ing the re la t ionship  between 
temperature and per formance Pi lcher ,  Nadler  & Busch (2002)  conc lude that  the 
greatest  det r iment  in per formance occurs under  the co ldest  and hot test  condi t ions 
invest igated:  On average,  thermal  condi t ions below 10°C led to a  decrement  o f  
four teen per  cent  and temperatures above 32°C to  a decrement  of  f i f teen per  cent  
in  per formance.  Temperatures between 10°C -  18°C and 26.5°C -  32°C 
respect ive ly  led to  a smal ler  decrement  in  per formance of  about  e ight  per  cent  on 
average.  Ef fects  o f  temperature exposure on per formance depend on the type of  
task.  Cold temperatures of  about  18°C seem to negat ive ly a f fect  per formance in 
reasoning,  learn ing,  and memory tasks whi le  warmer condi t ions (above 26.5°C )  
seem to resu l t  in  smal l  improvements  in per formance of  these tasks.  Contrary,  
a t tent ional ,  perceptua l ,  and mathemat ica l  tasks seem to be more negat ive ly 
a f fected by hot  temperatures than co ld  temperatures.  P i lcher  et  a l . ,  2002 suggest  
to  conc lude f rom these resu l ts  that  in  a  typ ica l  work  env i ronment  where employees 
are invo lved in  a var iety  o f  tasks and env i ronmenta l  condi t ions the best  est imate 
of  the ef fect  o f  temperature exposure on per formance is  descr ibed as an inver ted 
U-shaped curve wi th  an opt imal  temperature range of  18°C to  26.5°C.  
The conc lus ions of  P i lcher  e t  a l . ,  2002 are suppor ted by a laboratory exper iment  
us ing a re lat ive ly long durat ion of  exposure to cont ro l led thermal  condi t ions of  280 
minutes (Fang et  a l . ,  2004) .  In th is  s tudy,  no per formance di f ferences were found 
between condi t ions of  20°C/40% re la t ive humid i ty,  23°C/50% RH, 26°C/60% RH. 
However ,  SBS symptoms were a l lev ia ted at  low leve ls  of  a i r  temperature and 
re la t ive humid i ty.  
Th is  s tudy a lso showed that  the impact  on perce ived a i r  qual i ty by decreas ing the 
vent i la t ion ra te  can be counteracted by a decrement  o f  temperature and re la t ive 
humid i ty.  This  resu l t  substant iates the in terdependence of  c l imate ( temperature 
and re la t ive humid i ty)  and indoor  a i r  qual i ty.  
Given that  thermal  comfor t  can be adjusted by c lo th ing,  a i r  qual i ty may exer t  more 
impor tant  inf luences on per formance.  However ,  in  laboratory exper iments  on ly 
tendencies of  per formance improvements  through bet ter  indoor  a i r  qual i ty could be 
showed (Wargock i  e t  a l . ,  2002a) .  Wyon & Wargock i  (2005a)  summar ise two f ie ld  
s tud ies on the impact  of  vent i la t ion on per formance in  ca l l  cent res.  The f ind ings 
f rom these s tud ies suggest  that  suggest  that  indoor  a i r  qual i ty may have a larger  
e f fect  on per formance of  of f ice workers  in the f ie ld  than would be expected f rom 
laboratory exper iments .  Accord ing to  these s tudies,  poor  indoor  a i r  qual i ty can 
reduce the per formance of  o f f ice workers  by 6 to  10%. This  f ind ing suppor ts  the 
c la im that  perce ived indoor  a i r  qual i ty (PIAQ) may be more impor tant  for  
exp la in ing SBS than phys ica l ly measured var iab les (Hedge et  a l . ,  1996) .  K l i tzman 
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and Ste l lman (1989)  prov ide ev idence that  assessments  o f  the phys ica l  
env i ronment  are d is t inc t  f rom assessments of  genera l  work ing condi t ions.  Thus,  
employees who repor t  prob lems wi th  the phys ica l  env i ronment  cannot  be 
character ised as genera l ly d issat is f ied workers  exh ib i t ing a tendency to  compla in  
about  var ious aspects  o f  the i r  work ing condi t ions.  Perce ived indoor  a i r  qual i ty may 
therefore be a va l id  measure of  env i ronmenta l  ef fects  on humans and IAQ is  
usual ly def ined and assessed as the acceptance by a h igh percentage of  people 
(Fanger ,  2006) .  However ,  perce ived a i r  qual i ty  should not  be cons idered as a 
un iversa l  measure because the sensory e f fects  o f  po l lu tants  are not  a lways l inked 
to  the i r  tox ic i ty (Seppänen & F isk,  2004) .  For  example,  harmfu l  gases such as 
radon or  carbon monoxide are not  sensed.  
6.2.3. Lighting 
Studies of  l ight ing condi t ions for  of f ices have resu l ted in an amount  of  knowledge 
on the l ight ing condi t ions needed for  h igh leve ls  o f  per formance and to  avo id  
v isua l  d iscomfor t  (Boyce,  2003) .  This  knowledge has been adopted by l ight ing 
pract i t ioners  and today of f ices l i t  in  a  way that  l imi ts  v isua l  per formance or  causes 
ext reme v isual  d iscomfor t  are rare ly to be found (Boyce,  Vei tch,  Newsham, Jones,  
Heerwagen,  Myer  & Hunter ,  2006) .  Th is  body of  knowledge,  however ,  is  large ly 
based on laboratory s tud ies and i t  can be assumed that  in  rea l  o f f ices and work 
set t ings ef fects  o f  the larger  of f ice env i ronmenta l  context  may in teract  wi th  
v is ib i l i ty  and l ight ing issues.  Fur thermore,  ef fects  in f ie ld s tud ies would a l low the 
invest igat ion of  longer  t ime exposures to  l ight ing condi t ions than typ ica l ly used in  
laboratory research.  
 
L ight ing in f luences heal th  through b io log ica l  and psycholog ica l  mechanisms.  
Among the b io log ica l  routes,  neurot ransmit ters  and hormones that  are impl icated 
in  the cont ro l  o f  c i rcad ian rhythms by l ight  p lay an impor tant  ro le  (Vei tch,  2005) .  
Low l ight  exposure corre la tes wi th  reduced act ivat ion and depress ive symptoms.   
Pos i t ion ing of  l ight  sources in workp lace l ight ing can cont r ibute to  g lare and 
d iscomfor t  re la ted to  g lare,  such as eyest ra in  and headaches.  These symptoms 
can a lso be at t r ibutab le to  subl iminal  e f fects  o f  low- f requency f l icker ing of  
f luorescent  l ights  (Vei tch,  2005) .  
 
Stud ies invest igat ing a d i rect  e f fect  o f  l ight ing condi t ions on task per formance 
have fa i led to  ident i fy such a l ink  (Boyce et  a l . ,  2006;  Vei tch,  Newsham, Boyce & 
Jones,  2008) .  Th is  may be due to  the l imi ted range of  var iat ions of  cur rent  of f ice 
l ight ing pract ices (Boyce et  a l . ,  2006) ,  to tasks employed in  laboratory s tud ies 
(Vei tch et  a l . ,  2008) ,  or  to  the adapt ive capabi l i ty  o f  the human v isua l  system 
(Vei tch,  2005) .   
 
L ight ing,  however ,  seems to have an in f luence of  overa l l  env i ronmental  
sat is fact ion (Vei tch et  a l . ,  2007;  Vei tch et a l . ,  2008) .  Th is  l ink  seems to be qu i te 
s t rong.  In the s tudy of  Vei tch et  a l .  (2008)  appraisa l  of  l ight ing condi t ions 
pred ic ted subjects ’  rat ings of  of f ice spaces as at t ract ive and the i r  pos i t ive mood.  
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The lat ter  two var iab les in turn predic ted overal l  d iscomfor t  and sat is fac t ion wi th  
the work env i ronment .  Vei tch et  a l .  (2007) repor t  a  d i rect  ef fect  o f  l ight ing 
condi t ions assessment  and overa l l  env i ronmenta l  sat is fact ion.  The s ize of  th is  
e f fect  is  comparable  to the one between assessment  o f  vent i la t ion and overa l l  
env i ronmenta l  sat is fact ion.  
Two e lements  that  have been shown to be espec ia l ly impor tant  for  sat is fact ion 
wi th  l ight ing are cont ro l  and dayl ight .  Cont ro l  over  l ight ing condi t ions has severa l  
benef i ts .  Contro l  addresses the problem of  ind iv idual  d i f ferences in l ight ing 
preferences and needs (Vei tch,  2005) .  Hav ing cont ro l  over  l ight ing in a  s imulated 
of f ice env ironment  resul ted in improved mood,  comfor t ,  and env i ronmenta l  
sat is fact ion but  not  in improved per formance (Newsham, Vei tch,  Arsenaul t  & 
Duval ,  2004) .  Genera l ly,  of f ice users  tend to  react  favourably to  hav ing such 
cont ro l  (Moore,  Car ter  & Slater ,  2004) .  
In  addi t ion to  cont ro l ,  natura l  dayl ight  is preferab le  in  of f ice set t ings.  I t  has 
pos i t ive ef fects  on job sat is fact ion and genera l  we l l -be ing of  of f ice occupants  
(Leather  e t  a l . ,  1998) .  Newsham et  a l .  (2009)  repor t  a pos i t ive e f fect  of  the 
ava i lab i l i ty  o f  an outs ide window on sat is fact ion wi th  l ight ing.  In  a large f ie ld s tudy 
in  Nor th  Amer ica,  Vei tch et  a l .  (2007) found that  the s t rongest  pred ic tor  of  
sat is fact ion wi th  l ight ing was the presence of  a window in  the workstat ion.  
Phys io log ica l  and psycholog ica l  benef i ts  of  windows in  the workp lace are so great  
that  many European count r ies  requi re  access to windows for  most  workers .  Most  
o f f ice workers  cons ider  windows an impor tant  feature of  the workp lace (Galas iu  & 
Vei tch,  2006) .  Windows are so impor tant  that  they even render  less prob lemat ic  
the d iscomfor t  wi th  g lare,  espec ia l ly when windows prov ide p leasant  v iews 
(Galas iu & Vei tch,  2006) .  
6.2.4. Control over office work environment 
As descr ibed above,  cont ro l  is  a  cent ra l  e lement  in l ight ing.  Cont ro l  re fers  to  the 
degree to which a person has the poss ib i l i ty  to  exer t  in f luence over  the 
env i ronment  in  order  to ad just  condi t ions to own goals ,  needs,  and interests  such 
as comfor t  or  funct ional i ty.  Cont ro l  over  the of f ice work env i ronment  may inc lude 
dec is ions among severa l  workspace opt ions,  i .e .  cho ice among d i f ferent  set t ings 
wi th in  an of f ice bu i ld ing or  cho ice of  locat ion (e.g .  te lework) .  
Object ive cont ro l  is  determined by the log ic  of  phys ica l  s t ructures and 
in f rast ructures.  Subject ive cont ro l  re fers to the percept ion of  cont ro l  in  a  s i tuat ion.  
I t  develops f rom repeated exper ience wi th  choices regard ing the phys ica l  
env i ronment ,  in  which a person learns how to  obta in  des i red outcomes,  such as 
comfor t  for  example.  Subject ive and ob ject ive cont ro l  is  not  a lways congruent .  
Perce ived cont ro l  seems to  have a s t ronger  re la t ionship  wi th  work- re la ted 
outcomes than ob ject ive cont ro l  (Dupré,  Bar l ing & LeBlanc,  2005;  Pac iuk,  1990) .  
 
Insuf f ic ient  personal  cont ro l  is  an impor tant  component  of  s t ress:  The degree of  
exper ienced s t ress is  dependent  o f  the degree of  cont ro l .  The avai lab i l i ty  o f  
cont ro l  may moderate the re la t ionships between env i ronmenta l  condi t ions and 
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employee-re la ted outcomes.  Di f ferent  mechanisms p lay a ro le  in  the explanat ion 
of  th is  re lat ionship (Frese,  1989;  Ganster  & Fus i l ie r ,  1989) :  
  Cont ro l  impl ies  the poss ib i l i ty  to  reduce,  avo id ,  or  e l iminate s t ressors .  
  Cont ro l  a l lows the a l ignment  o f  work  act iv i t ies  and externa l  condi t ions.  The 
impact  o f  s t ressors can thereby be reduced or  modi f ied (wi thout  changing the 
s t ressors) .  
  The ava i lab i l i ty  o f  cont ro l  as  a knowledge of  bas ic  cont ro l lab i l i ty  renders the 
appra isa l  of  s i tuat ions less threatening.  This  is  even t rue when actua l  cont ro l  
is  not  exerc ised (Glass & Singer ,  1972) .  
  Ava i lab i l i ty  o f  cont ro l  fu l f i l s  a  fundamenta l  need for  cont ro l  and therefore 
prevents  s t ress.  
  Perce ived cont ro l  is  assoc ia ted wi th  a  be l ief  that  s t ress s i tuat ions can be 
coped wi th  successfu l ly .  Therefore act ive coping s t rateg ies wi l l  be employed 
and susta ined.  
 
Ef fects  o f  env i ronmental  cont ro l  in  o f f ices on heal th  have not  been researched.  
However ,  there is  ev idence that  ergonomics t ra in ing in  of f ices increase knowledge 
about  heal th  re levant  set -ups of  of f ice furn i ture and improve musculoskeleta l  
heal th  (Huang,  Rober tson & Chang,  2004;  Rober tson,  Amick I I I ,  DeRango,  
Rooney,  Bazzani ,  Harr is t  & Moore,  2009) .  Severa l  s tud ies ind icate that  SBS 
symptoms are much lower  when ind iv idual  workers  are a l lowed to  cont ro l  the i r  own 
thermal  env i ronment  (Wyon,  1996;  A.  F.  Marmot  et  a l . ,  2006) .  Employees 
exper ienc ing s t ress,  however ,  are less l ike ly to  use cont ro l  opt ions (G.  W.  Evans 
& Johnson,  2000) .  
 
Resul ts  f rom post -occupancy eva luat ions (Leaman,  2003)  ind icate that  employees  
assess the i r  product iv i ty  to be h igher  when they have cont ro l  over  heat ing,  
cool ing,  vent i la t ion,  no ise,  and l ight ing in  the i r  work  env i ronment .  Where th is  
cont ro l  is  not  ava i lab le i t  may be counterba lanced by proact ive and qu ick 
react ions of  fac i l i ty  managers.  Cont ro l  over no ise seems to be the most  impor tant  
facet  of  cont ro l  over  the phys ica l  work  env i ronment  (Leaman & Bordass,  2005) .  
Th is  may be due to  the fact  that  no ise is  a  s t ressor  by def in i t ion.  Contro l  over  
non-st ressfu l  condi t ions seems to be re la t ive ly  un impor tant  and does not  af fect  
sat is fact ion,  mood,  per formance,  and heal th (Vei tch & Newsham, 2000) .  Thus,  
cont ro l  in  good env i ronmenta l  condi t ions is  less impor tant .  
 
Lee & Brand (2005)  found pos i t ive inf luences of  perce ived cont ro l  over  the own 
workspace on job sat is fact ion.  In  th is  s tudy a lso pos i t ive ef fects  o f  cont ro l  over  
the work env i ronment  and the ava i lab i l i ty  o f  a  var ie ty o f  work  env i ronments ,  a  
precondi t ion for  behav ioura l  cont ro l ,  on group cohes iveness were found.  
Pac iuk (1990)  repor ts  the in f luence of  perce ived cont ro l  over  the of f ice 
env i ronment  on thermal  comfor t .  McLaney and Hurre l l  J r .  (1988)  analysed d i f ferent  
forms of  cont ro l  ( task,  dec is ion,  resource,  and phys ica l  env i ronment  cont ro l ) .  In a 
s tudy of  675 employees in  the heal thcare sector  they found that  a l l  facets  o f  
cont ro l  except  dec is ional  cont ro l  were pos i t ive ly  re lated to  job sat is fac t ion.  
In teract ions of  s t ressors  and cont ro l  d id  not  s ign i f icant ly re la te  to  job sat is fact ion.  
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Therefore personal  contro l  is  cons idered not  as a moderator  but  as a d i rect  
in f luence on job sat is fact ion.  
6.3. Spatial organisation of offices 
Person-based env i ronmenta l  var iables neglect  the fact  that  o f f ice set t ings are 
genera l ly shared by severa l  persons.  Of f ices are spat ia l ly  organised and 
in terpersonal  re la t ionships and thei r  ind iv idual  consequences are af fected by the 
spat ia l  organisat ion.  In  th is  chapter ,  of f ice layout ,  ar rangement  o f  space,  and 
dens i ty are d iscussed as the main phys ica l  e lements  o f  spat ia l  organisat ion.  The 
soc io-spat ia l  env i ronment  and i ts  impacts  on in terpersonal  and ind iv idual  
percept ions and processes are d iscussed in chapter  6 .4.  
6.3.1. Office Layout and arrangement of space 
Spat ia l  ar rangements in o f f ices encompass the subdiv is ion of  ava i lab le space and 
the s ize,  shape,  and a l locat ion of  un i ts  o f  space.  Layout  refers  to  furn i ture 
conf igurat ion,  amount  of  space for  ind iv idual  and shared spaces,  and c i rcu la t ion 
routes.  The most  d iscussed facet  of  o f f ice layout  and spat ia l  ar rangement  is  of f ice  
openness (e.g .  Becker  & Sims,  2001;  Br i l l  e t  a l . ,  2001 who represent  two opposi te 
pos i t ions,  Br i l l  e t  a l . ,  2001 advocat ing c losed and Becker  & Sims,  2001 promot ing 
open of f ices) .  The “open p lan vs.  c losed of f ices”  debate is  unsolved.  Empir ica l  
ev idence is  not  cons is tent  and for  some quest ions not  suf f ic ient  (De Croon et  a l . ,  
2005) .  In th is  chapter ,  empi r ica l  l i tera ture on of f ice layout  and ar rangement  o f  
space is  rev iewed.  
Accord ing to  the nature of  the subject ,  research on spat ia l  ar rangements  in  of f ices 
is  most ly based on s tud ies in  f ie ld set t ings (as opposed to the research on of f ice 
env i ronment  condi t ions and comfor t  descr ibed in  chapter  6.2) .  
 
The ef fects  o f  of f ice openness have been examined in  four  longi tud ina l  s tud ies.  
Oldham (1988)  examined moves f rom open-p lan of f ices to  e i ther  an open of f ice 
wi th  re la t ive ly low leve ls  o f  spat ia l  densi ty or  to an of f ice wi th  three par t i t ions 
surrounding employees ’  workspaces.  Whi le these moves had pos i t ive ef fects  on 
employees '  percept ions of  crowding,  pr ivacy,  and of f ice sat is fact ion,  they d id  not  
a f fect  se l f - ra ted per formance.  
In  the second longi tud ina l  f ie ld s tudy,  Brennan,  Chugh & Kl ine (2002)  examined 
moves f rom so lo  or  two-person of f ices to  group of f ices wi th  four  to n ine users .  
They found that  se l f - ra ted per formance s ign i f icant ly decreased af ter  the moves.  
Fur thermore,  there was no improvement  in  se l f - ra ted work per formance in  a 
second post -move survey af ter  an ad justment  phase of  6 months fo l lowing the 
move and 5 months af ter  the f i rs t  post -move survey.  
In  a longi tud ina l  quas i -exper imenta l  s tudy Oldham & Brass (1979)  examined how 
the phys ica l  env i ronment  af fec ted of f ice users ’  at t i tudes and mot ivat ion as wel l  as  
job character is t ics .  In th is  research,  workers  a t  a  newspaper  organizat ion moved 
f rom a t rad i t iona l  o f f ice set t ing to  an open-p lan of f ice ar rangement .  Th is  change 
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led to a  s ign i f icant  reduct ion in job sat is fact ion and co-worker  sat is fact ion.  Th is  
e f fect  pers is ted over  t ime and there were no d i f ferences in the measures af ter  
n ine and af ter  e ighteen weeks af ter  the of f ice changeover .   
In  a s imi lar  long i tud ina l  s tudy,  Za lesny & Farace (1987)  found a reduct ion in  work 
sat is fact ion af ter  a move f rom so lo  o f f ices or  par t ia l ly  open of f ices to  an open p lan 
o f f ice .  
 
Cross-sect ional  s tud ies o f  o f f ice openness and per formance ind icate that  the 
degree of  openness may have a negat ive impact  on ind iv idual  per formance.  
Sundst rom,  Bur t  & Kamp (1980)  found that  superv isor  rat ings of  job per formance 
of  rout ine of f ice work (c ler ica l ,  secretar ia l  work)  were corre la ted pos i t ive ly wi th  
number  of  enc losed s ides and sat is fact ion wi th  workspace.  The ra t ings were 
negat ive ly corre la ted wi th  number  of  ne ighbours and no ise in  the of f ice 
env i ronment .  
Oldham, Kul ik  & Step ina (1991)  repor t  a  smal l  but  s ign i f icant  cor re lat ion between 
in terpersonal  d is tance and per formance ( r  =  .18)  but  not  between the number  of  
enc losures or  spat ia l  dens i ty and per formance.  St imulus-screening sk i l ls  and job 
complex i ty seem to  moderate the re la t ions between env i ronmenta l  character is t ics  
and employee react ions in  th is  s tudy.  Employees exhib i ted the lowest  per formance 
when the i r  jobs were low in  complex i ty,  the i r  s t imulus-screening sk i l ls  were weak,  
and they worked in dense areas,  areas wi th  few enc losures,  or  c lose to  
co l leagues.  
 
The re la t ionship  between of f ice layout  and heal th  has been a top ic  in on ly few 
stud ies.  Sut ton & Rafael i  (1987)  d id not  f ind s tat is t ica l ly s ign i f icant  re lat ionships 
between layout  and somat ic  compla in ts.  Jaakkola & Heinonen (1995)  repor t  a  
h igher  r isk  o f  the common co ld  for  workers  shar ing of f ices than for  those in  s ing le  
o f f ices.  Fr ied (1990)  exp lored the jo in t  moderat ing ef fect  of  two cent ra l  workspace 
character is t ics  (number  o f  people and number o f  enc losures)  on the re la t ionships 
between behavioura l  in ter ferences (d is t ract ions and d is turbances)  and responses 
among ind iv iduals  wi th  h igh and low abi l i t y  to  screen11.  The resu l ts  suggest  that  
ind iv idual  react ions (work fa t igue and psychosomat ic  compla in ts)  to  behav ioura l  
in ter ferences at  work are in tens i f ied by the jo in t  presence of  few enc losures and 
h igh number  o f  people in  the set t ing;  however ,  th is  in tens i f icat ion ef fect  appears 
to  ho ld pr imar i ly among ind iv iduals  wi th  low screening ab i l i ty .  Thus,  the jo in t  
moderat ing ef fect  o f  workspace character is t ics  i tse l f  appears to be buf fered by 
personal  ab i l i ty  to  screen.   
 
In  a f ie ld s tudy wi th  var ious outcomes, Oldham & Fr ied (1987)  invest igated the 
ef fects  of  four  workspace character is t ics  (soc ia l  dens i ty,  room darkness,  number  
o f  enc losures,  and interpersonal  d is tance)  on three employee react ions ( turnover ,  
sat is fact ion,  and wi thdrawal  f rom the of f ice dur ing d iscret ionary per iods) .  The 
authors repor t  main ef fects  for  a l l  independent  on a l l  dependent  var iab les (wi th  
few except ions in  the re la t ionships that  invo lve turnover) .  The independent  and 
                                                          
11 S t imu lus  sc reen ing  re fe rs  to  au tomat i c  sc reen ing  o f  i r re levan t  s t imu l i  and  hab i tua t ion  to  
d i s t rac t i ng  and  i r re levant  cues  in  the  env i ronment  (Mehrab ian ,  1977) .  
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jo in t  ef fects  o f  the workspace character is t ics  accounted for  24% of  the var iance in 
employee turnover ,  31% of  the var iance in  work sat is fact ion,  and 34% of  the 
var iance in d iscret ionary wi thdrawal .  Fur ther  analyses revealed that  employees 
reacted negat ive ly when the character is t ics  invo lved in the in teract ions were 
present  s imul taneously a t  h igh leve ls .  
Oldham et  a l .  (1991)  repor t  cor re la t ions between job sat is fac t ion and interpersonal  
d is tance ( r  =  .12)  and number  of  enc losures ( r  =  .22) .  Sundst rom et  a l .  (1980)  
found workspace sat is fac t ion to corre la te  pos i t ive ly wi th  number  of  enc losed 
s ides,  d is tance to ad jacent  co l league,  and pr ivate workspace.  In  the i r  s tudy,  job 
sat is fact ion was pos i t ively cor re lated wi th  pr ivate workp lace and negat ive ly 
cor re lated wi th  v is ib i l i ty  to  superv isor .  
 
Fur ther  ev idence for  the re lat ionship  between o f f ice layout  and sat is fact ion comes 
f rom a laboratory exper iment  (B lock & Stokes,  1989) .  These authors  invest igated 
the ro le  of  ind iv idual  character is t ics ,  of f ice s ize,  and task complex i ty on 
sat is fact ion and per formance.  Of f ice s ize var ied between one person (pr ivate 
condi t ion)  and four  persons and spat ia l  dens i ty ( i .e.  workspace per  person)  was 
he ld constant .  Resul ts  showed s ign i f icant  d i f ferences among the two dens i ty 
groups in regards to  sat is fact ion wi th  the i r  env i ronment .  Subjects  in  so lo  o f f ices 
ind icated greater  sat is fact ion than those in the four-person of f ices.  In th is  s tudy,  
an in teract ion between task complex i ty and dens i ty cou ld  be shown.  For  complex 
tasks sat is fact ion wi th  the of f ice env i ronment  was s ign i f icant ly h igher  in  so lo  
o f f ices.  For  s imple tasks,  however ,  sa t is fact ion d id  not  d i f fer  between the two 
dens i ty groups.  The same pat tern was ident i f ied for  task per formance:  task 
per formance on s imple tasks was bet ter  in the non-pr ivate condi t ion.  Task 
per formance on complex tasks was bet ter  in the pr ivate condi t ion than in  the non-
pr ivate condi t ion.  Ind iv idual  character is t ics  (sex,  int rovers ion-ext ravers ion)  d id  not  
in f luence sat is fact ion wi th  the work  env i ronment  or  task per formance.  
 
Open of f ices are o f ten implemented assuming that  communicat ion among 
employees is  improved and soc ia l  re lat ions wi l l  be enhanced (Sundst rom,  1986) .  
Open of f ice s t ructures are expected to fac i l i ta te the development  o f  soc ia l  
re la t ions and th is  should improve employee mora le  and sat is fact ion (Oldham & 
Brass,  1979) .  Empir ica l  ev idence on the re lat ionship  between of f ice layout  and 
soc ia l  re la t ions,  however ,  is  equivocal .  
Oldham & Brass (1979)  repor t  a  h igh ly s ign i f icant  reduct ion in  interpersonal  
sat is fact ion in  the i r  quas i -exper imenta l  s tudy on a change f rom a t rad i t ional  o f f ice 
set t ing to  an open-p lan of f ice ar rangement .  In  the longi tud ina l  s tudy of  Brennan et  
a l . ,  2002 s imi lar  ef fects  were found.  Employees were s ign i f icant ly less sat is f ied 
wi th  team member  re la t ions in  the open of f ice layout  than they had been in  the 
t rad i t iona l  of f ices they occupied before.  Fur thermore,  th is  d issat is fac t ion d id  not  
lessen af ter  the of f ice users  had been in  the i r  new of f ices for  s ix  months.  
Oldham & Rotchford (1983)  repor t  a smal l  s ign i f icant  corre la t ion between 
workspace dens i ty and employee percept ions of  conf l ic t  as  ex is t ing in the of f ices.  
On the other  hand,  corre la t ions between of f ice openness and conf l ic t  and between 
of f ice dens i ty and conf l ic t  d id  not  reach s ta t is t ica l  s ign i f icance.  Fr ied et  a l .  (2001)  
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analysed a complex in terp lay of  workspace dens i ty,  job complex i ty,  and tenure on 
co-worker  sat is fact ion.  In  the i r  c ross-sect ional  s tudy of  93 of f ice workers  of  a  
un ivers i ty in  the USA they found that  co-worker  sat is fact ion decreases wi th  
increas ing dens i t ies  on ly for  employees wi th  h igh job complex i ty and h igh job 
tenure.  A l l  other  combinat ions of  job complex i ty and job tenure resu l ted in  smal l  
increments  in  co-worker  sat is fact ion wi th  increas ing dens i ty .  
 
Compared to  o f f ice openness the bu i ld ing b locks of  o f f ice layout ,  workstat ions,  
have rece ived less at tent ion.  Br i l l  e t  a l .  (2001)  s tud ied workspace s ize per  o f f ice 
user .  They found that  87% of  employees hat  workspace s izes smal ler  than 100 f t 2  
(ca.  9.3  m2)  and 40% less than 64 f t 2  (ca.  6 m2 ) .  Of f ice  users  wi th  larger  
workspaces cons idered the i r  spaces as appropr ia te  and were more sat is f ied wi th  
the i r  workspaces than of f ice users  wi th  smal ler  workspaces.  S imi lar  resu l ts  are 
repor ted by (Char les & Vei tch,  2002;  Vei tch et  a l . ,  2003) .  In  the i r  s tud ies larger  
worksta t ions were assoc ia ted wi th  h igher  sat is fact ion wi th  pr ivacy.   
Regard ing s torage space and qual i ty,  O 'Nei l l  (1994)  repor ts  d i rect  e f fects  on 
workspace sat is fact ion and per formance.  Addi t iona l ly,  he found ind i rect  e f fects ,  
mediated by pr ivacy or  d is t ract ions,  respect ive ly.  
 
Sc ient i f ic  research on of f ice layout  and ar rangement  o f  space is  based on 
t rad i t iona l  of f ice s t ructures wi th  ass igned workspaces.  Research tak ing in to  
cons iderat ion qual i t ies  and ra t ios  of  dedicated and shared spaces (e.g.  for  
co l laborat ive act iv i t ies)  seems to  be lack ing.  In a  l i te rature rev iew,  De Croon et  a l .  
(2005)  ident i f ied three s tud ies that  invest igated the ef fec ts  o f  of f ice  use (such as 
desk-shar ing)  on shor t - term react ions (sat is fact ion and s t ress)  and four  s tud ies 
that  examined i ts  ef fects  on long- term react ions (heal th  and per formance) .  They 
conc lude that  ev idence is  insuf f ic ient  to  make in ferences about  the ef fect  o f  desk-
shar ing.  
 
In  a longi tud ina l  s tudy Mei jer ,  Fr ings-Dresen & Slu i ter  (2009)  analysed the change 
f rom a t rad i t iona l  to a  non- ter r i tor ia l  mul t i -space of f ice concept  wi th  desk-shar ing 
wi th in  depar tments  in  a Dutch reg ional  government  ins t i tu te.  138 employees 
par t ic ipated in  the s tudy that  inc luded three measurement  po in ts  in  t ime:  a 
basel ine and two fo l low-up surveys s ix  and f i f teen months af ter  the change.  The 
outcomes s tud ied were work- re la ted fat igue,  genera l  heal th ,  change in heal th 
s tatus,  upper  ext remi ty compla in ts ,  and perce ived product iv i ty.  For  most  of  the 
outcomes no s ign i f icant  d i f ferences were found for  the f i rs t  post  change survey as 
compared to the basel ine.  Only quant i ty o f  work  per formed decreased 
s ign i f icant ly .  Compar isons of  the outcomes between the second fo l low-up and the 
basel ine revealed a s igni f icant  improvement  in  genera l  heal th  and a decrease in 
preva lence of  upper  ext remi ty compla in ts .  Sel f -assessments of  per formance in  the 
second fo l low-up were at  the same leve l  as in  the basel ine measurement .  Thus,  
the perce ived reduct ion in  quant i ty o f  work in  the f i rs t  fo l low-up may have been 
due to ad justments  to the new work envi ronment  or  due to  the change i tse l f .  The 
authors  conc lude that  innovat ive of f ice concepts  may have no or  l imi ted ef fects  on 
work- re la ted fat igue,  heal th  changes and product iv i ty but  may have some pos i t ive 
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ef fects  on workers ’  genera l  heal th and upper  ext remi ty compla in ts  in  the long 
term.  
 
To summar ise,  the research ev idence on of f ice openness is  equivocal .  Research 
suggests  that  in open of f ice s t ructures sat is fact ion and per formance is  lower  
compared to t rad i t iona l  ce l l  of f ices.  Fur thermore heal th and soc ia l  re la t ions seem 
to  be negat ive ly a f fec ted by o f f ice openness.  The empir ica l  bas is  for  these ef fects ,  
however ,  is  smal l  and the s ize of  the ef fects  is  unknown.  
6.3.2. Density 
Densi ty and prox imi ty re fer  to measures of  avai lab le  space per  o f f ice user  and 
d is tances to co-workers  in  the of f ice.  Two forms of  dens i ty can be d is t inguished:  
soc ia l  dens i ty re fers  to  the (absolu te)  number  of  people in  a  set t ing,  e.g .  number  
o f  occupants  in an of f ice.  Spat ia l  dens i ty descr ibes the space ava i lab le to each 
person (Hayduck,  1983) .  
Soc ia l  dens i ty,  therefore,  is  assoc iated wi th  o f f ice openness.  Open of f ices 
accommodate more users  and thus have larger  va lues of  soc ia l  dens i ty.  On the 
other  hand,  spat ia l  dens i ty is  less dependent o f  o f f ice layout  as  i t  descr ibes 
spat ia l  l imi ta t ions to o f f ice users  independent  of  of f ice layout .  In terpersonal  
d is tance or  prox imi ty re fers  to  the dis tance to the nearest  co-worker  in  the of f ice 
workspace.  
Empir ica l  s tud ies on dens i ty have main ly addressed sat is fact ion and only to  a 
lesser  degree per formance,  heal th ,  or  soc ia l  behav iour .   
The d i rect  in f luence of  dens i ty on heal th  has not  been s tud ied.  Rather ,  heal th  
re la ted ef fects  of  dens i ty are s tud ied wi th  a  focus on ind iv idual  exper ience that  is  
captured wi th  the concept  of  c rowding (see chapter  6 .4.3) .  May,  Oldham & Rather t  
(2005)  repor t  ev idence that  crowding fu l ly mediates the re la t ion between spat ia l  
dens i ty and work area sat is fact ion.  
 
The re la t ionship of  dens i ty on per formance has been examined in  a ser ies of  
laboratory exper iments  by Paulus,  Annis ,  Seta,  Schkade & Mat thews (1976) .  In 
these exper iments  the ef fects  of  group s ize (socia l  dens i ty) ,  room s ize (spat ia l  
dens i ty)  and in terpersonal  prox imi ty on task per formance were examined.  The 
authors  present  ev idence that  increas ing soc ia l  dens i ty,  increas ing spat ia l  dens i ty,  
and increas ing prox imi ty  led to  decrements  in  task per formance independent ly.  
F ie ld  s tud ies show smal l  pos i t ive corre la t ions between per formance and prox imi ty 
(Oldham et  a l . ,  1991)  and h igh negat ive corre la t ions between soc ia l  dens i ty and 
superv isory ra t ings of  per formance (Sundst rom et  a l . ,  1980) .  A s tudy wi th  c ler ica l  
employees repor ted in Sundst rom et  a l .  (1980)  showed a s imi lar  negat ive 
corre lat ion between se l f -assessed per formance and number  of  co l leagues.  In the 
same stud ies,  no s ign i f icant  re la t ionship  between sat is fac t ion wi th  workspace and 
soc ia l  dens i ty for  e i ther  o f  two job types (superv isory and c ler ica l )  was found.  In 
an addi t ional  s tudy Sundst rom,  Town,  Brown,  Forman & McGee (1982c)  a lso d id 
not  f ind s ign i f icant  re lat ionships between number  of  workspaces in the room 
(soc ia l  dens i ty)  and sat is fact ion wi th  workspace for  any type of  job.  Oldham & 
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Fr ied (1987)  examined independent  and jo in t  e f fects  workspace character is t ics  on 
employee react ions.  In the i r  analys is ,  no s ign i f icant  cor re la t ion between soc ia l  
dens i ty and work sat is fac t ion was found.  
 
A s ign i f icant  pos i t ive re la t ionship  between soc ia l  dens i ty and of f ice sat is fact ion is  
repor ted by Hedge,  Burge,  Rober tson,  Wi lson & Harr is -Bass (1989)  on the bas is  o f  
a  s tudy of  4373 of f ice workers  in 28 bu i ld ings.  The main focus of  th is  s tudy was on 
s ick  bu i ld ings syndrome but  the re la t ionship  between soc ia l  dens i ty and 
env i ronmenta l  sat is fact ion was a lso addressed.  Soc ia l  dens i ty was measured v ia 
repor ted of f ice type.  Of f ice type was categor ised in  so lo ,  group (2-4,  5-9,  and 10-
29 persons) ,  and larger  o f f ices wi th  occupancy ra tes of  30 and more persons.  
Resul ts  show a smal l  s ign i f icant  pos i t ive cor re la t ion between of f ice type (soc ia l  
dens i ty)  and env i ronmenta l  sat is fact ion.  
In  a s imi lar  SBS study f rom Denmark,  Pej tersen et  a l .  (2006)  repor t  a  smal l  but  
s tat is t ica l ly s ign i f icant  negat ive corre la t ion between of f ice s ize and job 
sat is fact ion.  Their  f ind ing is  based on a cross-sect ional  survey of  2301 occupants  
o f  22 of f ice bu i ld ings.  
 
In  summary,  resu l ts  for  soc ia l  dens i ty e f fects  on sat is fac t ion are inconc lus ive.  
Fur thermore,  the pract ica l  re levance of  soc ia l  dens i ty can be quest ioned because 
i t  focuses on the number  of  of f ice  occupants  wi thout  inc lud ing a measure of  the 
of f ice i tse l f .  Depending on the s ize of  the of f ice,  adding occupants  into  an of f ice 
can e i ther  increase or  decrease negat ive ef fects .  Thus,  soc ia l  dens i ty measures 
should be complemented wi th  spat ia l  dens i ty measures that  combine of f ice s ize 
wi th  number  o f  occupants .  
 
Spat ia l  dens i ty measures are inc luded in Oldham (1988)  s tudy of  severa l  moves 
between d i f ferent  types of  of f ices,  inc lud ing a move f rom an open-p lan of f ice to a 
lower-dens i ty open-p lan of f ice.  Data regard ing th is  move were co l lec ted f rom 
s ix teen insurance workers  before the change and th i r teen of  them par t ic ipated 
a lso in  data co l lec t ion af ter  the move.  The ca lcula t ion of  spat ia l  dens i ty  ( room s ize 
d iv ided by number  of  users)  pr ior  to the move resu l ted in approx imate ly 11.25 m2  
per  employee,  af ter  the move i t  increased to approx imate ly 23.4 m2 per  employee.  
No other  des ign or  personnel  changes are repor ted in th is  s tudy.  Compar isons of  
sat is fact ion pr ior  and post  to the move reveals  that  the move f rom an open-p lan 
of f ice to  a low-dens i ty open-p lan of f ice had s ign i f icant  pos i t ive e f fects  on both 
o f f ice and work sat is fact ion.  Resul ts  f rom another  move in the same insurance 
company repor ted in Oldham (1988)  conf i rmed these f ind ings on ly par t ly.  In th is  
move,  employees changed f rom an open-p lan of f ice to  another  open-p lan of f ice 
wi th  approx imate ly the same s ize of  workp laces (13.9 m2  per  person)  and wi th  a  
mul t ip le-he ight  par t i t ion system ( fabr ic -covered,  sound absorb ing par t i t ions of  2 
and 3 metres he ight ) .  The on ly des ign changes in  th is  move invo lved the 
in t roduct ion of  par t i t ions;  there were no other  des ign or  personnel  changes.  40 
and 27 employees respect ive ly par t ic ipated in pre-  and post -move surveys.  The 
resu l ts  show a h igh ly s ign i f icant  increase in of f ice sat is fact ion but  no 
corresponding increase in  work sat is fact ion.  Thus regard ing work sat is fact ion,  
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employees moving to  a low-densi ty open of f ice responded more pos i t ive ly than 
employees moving to  an of f ice wi th  part i t ions.  The low-densi ty o f f ice may have 
prov ided protect ion f rom overst imulat ion and at  the same t ime a l lowed employees 
to  observe how the i r  own work re la tes to the work o f  co-workers .  Th is  may have 
led to h igher  leve ls  in work sat is fact ion.  A second explanat ion of fered by Oldham 
(1988)  l ies  in  the poss ib le  enhancement  o f  in terpersonal  sat is fact ion due to the 
v isua l  presence of  others  in the low-dens i ty o f f ice which may cont r ibute to  
increased sat is fact ion wi th  work i tse l f .  
 
In  a cross-sect ional  f ie ld  s tudy by Oldham & Rotchford (1983) ,  data were obta ined 
f rom 109 c ler ica l  workers  in a un ivers i ty,  whose of f ices accommodated between 2  
and 31 employees.  Average spat ia l  dens i ty was 10.04 m2  per  occupant  (s tandard 
dev ia t ion:  4.7) .  
Resul ts  uncovered a s ign i f icant  negat ive corre la t ion between spat ia l  dens i ty and 
both of f ice and work sat is fact ion (but  not  between openness and of f ice or  work 
sat is fact ion) .  Thus,  h igher  spat ia l  dens i ty was assoc ia ted wi th  lower  o f f ice  
sat is fact ion.  On the other  hand,  Oldham et  a l .  (1991)  d id not  f ind a cor re la t ion 
between of f ice dens i ty and job sat is fact ion.  
Th is  f ind ing is  conf i rmed in  a s tudy wi th  541 managers f rom four teen organisat ions 
(O'Nei l l ,  1994) .  A lso in  th is  s tudy a s ign i f icant  negat ive re lat ionship  between 
spat ia l  dens i ty and env i ronmenta l  sat is fact ion is  repor ted.  Compared to  o ther  
s tud ies,  the spat ia l  dens i ty in  th is  s tudy was low for  a l l  employees.  Spat ia l  dens i ty  
in  th is  s tudy was ca lcu la ted by d iv id ing the tota l  usable space per  f loor  by the 
average number  of  employees per  f loor .  Th is  ca lcu la t ion inc ludes ha l lways,  
meet ing rooms,  suppor t  spaces,  e tc .  Dens i ty ranged f rom 29.7 to  45 m2 per  person 
wi th  a  mean of  41.85 m2 per  person and a s tandard dev iat ion of  7 .23.  These 
va lues,  however ,  may not  represent  the appropr ia te  space per  person as the rea l  
s ize of  personal  space is  smal ler .  
 
Sz i lagyi  & Hol land (1980)  repor t  an increase in work sat is fact ion in a re locat ion 
and of f ice concept  change s tudy.  In th is  s tudy 96 profess ional  employees in a  
pet ro leum-re la ted organizat ion par t ic ipated.  The changes in  dens i ty occurred as a 
resu l t  o f  a re locat ion.  
Work sat is fact ion measured four  months before and four  months af ter  the change 
d i f fered in re la t ion to  dens i ty changes:  increased dens i ty in  the new s i tuat ion led 
to  s ign i f icant ly h igher  work sat is fact ion,  decreased dens i ty led to s ign i f icant ly 
lower  work sat is fact ion and for  a group where there was no change in dens i ty a lso 
no change in  work sat is fact ion was observed.  In  th is  s tudy h igh ly sk i l led 
profess ionals  were analysed.  Thei r  work  requi red a h igh degree of  interact ion and 
in format ion f low.  In  contrast  to  th is  s tudy,  Oldham (1988)  researched c ler ica l  
workers  in an insurance company whose dut ies  were set t l ing f i re  or  automobi le  
insurance c la ims.  The d i f ferent  resu l ts  regard ing the dens i ty- job sat is fact ion 
re la t ionship o f  the s tud ies may be due to the job complex i ty o f  the employees 
s tud ied.  There is  some ev idence for  th is  interpretat ion:  Fr ied et  a l .  (2001)  found 
s ign i f icant  three-way in teract ive ef fects  o f  workspace dens i ty,  job complex i ty,  and 
tenure on job sat is fac t ion,  co-worker  sat is fact ion,  and organisat iona l  commitment .  
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The s t rongest  negat ive re la t ion between dens i ty and react ions was found when job 
complex i ty and organisat ional  tenure were s imul taneously h igh.  
 
Another  s tudy by Sut ton & Rafael i  (1987) ,  however ,  f inds no re la t ionship between 
spat ia l  dens i ty and job sat is fact ion.  Sut ton & Rafael i  (1987)  analysed data 
co l lec ted f rom 109 c ler ica l  workers  a t  a un ivers i ty (48% worked in t rad i t ional  
o f f ices,  19% worked in  open-p lan of f ices wi th  par t i t ions,  and 33% worked in  open-
p lan of f ices wi th  no par t i t ions) .  Spat ia l  dens i ty in  th is  s tudy was not  s ign i f icant ly 
re la ted to job sat is fac t ion or  sat is fac t ion wi th  work s tat ion.  Given the average s ize 
o f  3 m2 per  occupant  in  th is  s tudy was ext remely smal l ,  the resu l t  is  surpr is ing.  An 
explanat ion may be that  the major i ty o f  s tudy par t ic ipants  (67%) worked in  of f ices 
that  were enc losed (pr ivate  of f ices or  open-p lan wi th  par t i t ions) .  Th is  enc losure 
may have overpowered the negat ive ef fects  o f  hav ing a smal l  space.   
 
Even though Sz i lagyi  & Hol land (1980)  repor t  pos i t ive ef fects  o f  h igher  dens i ty 
such as bet ter  f r iendship oppor tun i t ies ,  exchange of  in format ion,  and higher  job 
sat is fact ion,  the major i ty o f  empi r ical  s tud ies repor t  undesi rab le  consequences of  
dens i ty.  
The s tud ies re fer red to  here,  however ,  main ly focus on s t ra in  caused by prox imi ty 
o f  co l leagues.  The presence of  co l leagues may a lso be a resource.  There is  
ev idence for  the pos i t ive in f luence of  prox imi ty on the f requency of  in format ion 
exchange (Al len,  1977;  Kraut ,  Egido & Galegher ,  1988) .  Prox imi ty therefore may 
cont r ibute to  forming and cohes ion of  soc ia l  groups and thus af fect  soc ia l  suppor t .  
Th is  argument  is  suppor ted by ev idence for  d i f ferent  qual i t ies  of  soc ia l  re la t ions in 
d i f ferent  o f f ice s t ructures (Windl inger  & Zäch,  2007) .  In th is  s tudy,  soc ia l  re la t ions 
in  o f f ice rooms wi th  h igher  soc ia l  dens i ty were assessed as more pos i t ive by the 
o f f ice  users.  
6.4. Socio-spatial environment 
The var iab les d iscussed so far  re late  to  phys ica l  aspects of  of f ice  work  
env i ronments.  Their  ef fects  on behaviour  and heal th  are mediated by percept ion 
and in format ion process ing and they have a phys ica l  rea l i ty apar t  f rom human 
beings (Baron,  1994) .  Other  aspects  o f  the of f ice work  env i ronment  ref lec t  the fact  
that  such set t ings are genera l ly shared by a number  of  persons.  These aspects  
re la te  to the phys ica l  presence of  other  persons in  a spec i f ic  locat ion.  The most  
impor tant  of  these factors  are pr ivacy,  in ter rupt ions and d is t ract ions,  and 
crowding.  As compared to  dens i ty measures that  re fer  to  object ive s ta tes of  
spat ia l  l imi ta t ions,  pr ivacy and crowding are exper ient ia l  s ta tes whi le  in ter rupt ions 
and d is t ract ions refer  more to  act ion.  Pr ivacy and crowding are found to  mediate 
the inf luence of  job leve l  and the spat ia l  organisat ion of  o f f ices such as of f ice 
openness or  dens i ty on sat is fact ion (James Car lop io  & Gardner ,  1995;  Oldham & 
Rotchford,  1983) .  
Becker  (2004)  and Oseland (2009)  re fer  to  Dunbar ’s  number  as a heur is t ic  for  
group or  f loor  p la te s ize.  Dunbar  (1993)  d iscovered that  due to the cogni t ive 
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capaci ty o f  the human bra in  the s ize of  soc ia l  networks is  l imi ted to around 150 
members.  The re levance of  Dunbar ’s  number  for  of f ice des ign has not  been 
researched.  However ,  Becker  (2004)  repor ts  anecdota l  ev idence for  human sca le  
o f f ice bu i ld ings.  Of f ice bu i ld ings wi th  around 150 people fac i l i ta te  mutual  
knowledge of  work act iv i t ies  and soc ia l  networks.  
 
The cent ra l  assumpt ion of  act ion regula t ion theory is  the cogni t ive cont ro l  o f  
act ion.  Act ions are per formed on the bas is o f  cogni t ive schemata or  p lans,  us ing 
cogni t ive and energet ic  resources.  The p lans are developed e i ther  ad hoc in  a 
process of  prob lem solv ing or  re t r ieved f rom memory.  Cogni t ive cont ro l  o f  ac t ion 
inc ludes the use of  s t rateg ies to at ta in  goals ,  moni tor ing of  on-going act ion,  and 
meta-cogni t ive superv is ion (Frese & Zapf ,  1994) .  Aspects  o f  the soc io-spat ia l  
env i ronment  may af fect  act ion-regulat ion in severa l  ways (Z i j ls t ra et  a l . ,  1999) .  
They may ca l l  for  modi f icat ions of  p lans in  order  to  inc lude requi rements  f rom the 
soc io-spat ia l  env i ronment  and to change the s t ra tegy for  complet ing or ig ina l  goals  
wi th in  const ra in ts  o f  the env i ronment .  Fur thermore,  they may put  addi t iona l  
demands on resources needed for  act ion-regula t ion.  Both o f  these in f luences on 
act ion-regulat ion may have an ef fect  on a worker ’s  readiness to  per form through 
af fect ing h is  psycholog ica l  and psycho-phys io log ica l  s ta te.  
6.4.1. Privacy 
Pr ivacy in  work env i ronments denotes the regulat ion of  interact ion between se l f  
and others  and/or  env i ronmenta l  s t imul i  (Kupr i tz ,  1998) .  Pr ivacy re fers  to ret reat  
f rom people,  management  of  informat ion,  or  regulat ion of  interpersonal  in teract ion 
(Sundst rom,  1986) .  In  the context  of  o f f ice workp lace research,  pr ivacy is  usual ly 
conceived as based on regula t ion of  interact ion.  Th is  concept  der ives f rom the 
idea that  people s t r ive to  mainta in an opt imum leve l  o f  in teract ion wi th  o thers  
(Sundst rom, 1986) .  Pr ivacy thus ex is ts  as long as an ind iv idual  or  a group has 
se lect ive cont ro l  over  access by other  people (A l tman,  1975)  or  env i ronmenta l  
s t imul i  (such as no ise,  speech,  observat ion)  (Kupr i tz ,  1998) .  When cont ro l  over  
in teract ion wi th  externa l  ent i t ies fa i ls ,  c rowding ( too much soc ia l  s t imulat ion)  or  
soc ia l  iso la t ion ( too l i t t le  soc ia l  s t imulat ion)  may occur  as  a consequence.  In 
s i tuat ions of  excess ive or  too l i t t le  soc ia l  s t imulat ion ind iv iduals  a t tempt  to  correct  
the s i tuat ion through pr ivacy regula t ion mechanisms such as verba l  and nonverbal  
behav iours ,  inc lud ing the use of  the phys ica l  env i ronment  to  regulate contact  wi th  
o thers  (Margul is ,  2003) .  The funct ions or  purposes of  pr ivacy regula t ion are 
personal  autonomy,  emot ional  re lease f rom tens ions of  soc ia l  l i fe ,  se l f -eva luat ion 
( in tegrat ing exper ience in to  meaningfu l  pat terns) ,  l imi ted and protected 
communicat ion,  and se l f - ident i ty (Margul is ,  2003) .  
 
Pr ivacy may in f luence sat is fact ion wi th  the phys ica l  env i ronment  by he lp ing people 
mainta in  adequate contro l  over  informat ion and in teract ion.  There is  cons iderab le  
empir ica l  ev idence that  perce ived pr ivacy is  the most  impor tant  pred ic tor  of  
overa l l  of f ice  sat is fac t ion (K l i tzman & Ste l lman,  1989;  Newsham et  a l . ,  2009;  
Vei tch et  a l . ,  2007)  and may a lso be a pred ic tor  o f  job sat is fact ion (Newsham et  
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a l . ,  2009) .  Env i ronmenta l  exper iences,  such as pr ivacy,  are cons idered very 
e f fect ive in exp la in ing the re la t ionship  between of f ice env i ronment  factors  and 
of f ice sat is fact ion (Oldham & Rotchford,  1983) .  
 
In  addi t ion to  a f fect ing sat is fact ion,  pr ivacy may a id  per formance by l imi t ing 
in ter rupt ions dur ing complex ind iv idual  work or  by suppor t ing conf ident ia l  
conversat ions.  On the other  hand,  pr ivacy may reduce per formance by sh ie ld ing 
people f rom the mot ivat ing ef fects  o f  soc ia l  fac i l i ta t ion or  v is ib i l i ty  to  co-workers  
(Sundst rom,  1986) .  A f ie ld  s tudy (Sundst rom,  Town,  Rice,  Konar ,  Mandel  & Br i l l ,  
1982b,  c i ted f rom Sundst rom,  1987)  assessed pr ivacy and of f ice sat is fact ion,  job 
sat is fact ion,  and job per formance.  389 of f ice workers  completed a survey before 
and af ter  changing of f ices.  For  each facet  o f  pr ivacy (cont ro l  over  access ib i l i ty ,  
iso la t ion f rom int rus ions,  speech pr ivacy)  three groups were  formed accord ing to 
whether  pr ivacy increased,  decreased,  or  s tayed the same.  A l l  three facets o f  
pr ivacy were l inked to o f f ice sat is fact ion but  not  to  job sat is fact ion or  
per formance.  
 
Oldham et  a l .  (1991)  present  data suggest ing that  pr ivacy ( i .e .  a  h igh degree of  
enc losure and barr iers)  increases per formance and job sat is fact ion on s imple jobs 
and reduces per formance and job sat is fact ion on complex jobs.  Duval l -Ear ly & 
Benedic t  (1992)  repor t  a  s t rong corre la t ion between perce ived pr ivacy and job 
sat is fact ion for  a  sample of  secretar ies and admin is t ra t ive ass is tants .  
 
One purpose of  pr ivacy regulat ion is  the protect ion of  communicat ion.  Open-p lan 
of f ices are supposed to fac i l i ta te  communicat ion and prov ide lower  leve ls  of  
pr ivacy than so lo  of f ices.  Reduced pr ivacy corre la tes wi th  lower  leve ls  of  in formal  
in teract ion among people work ing in  open-p lan of f ices (Hatch,  1987;  Oldham & 
Brass,  1979;  Oldham & Rotchford,  1983) .  There is ,  however ,  a lso cont rad ic tory 
ev idence document ing increased leve ls  of  in formal  interact ion among employees 
in  open-p lan of f ice layouts  (A l len & Gerstberger ,  1973;  Sz i lagyi  & Hol land,  1980) .  
One way toward reconc i l ing these f ind ings may be a c loser  examinat ion of  the 
communicat ion contents  and work re la ted communicat ion requi rements.  Th is  would  
a l low to  s tudy in  more deta i l  whether  increased communicat ion in open-p lan 
of f ices is  des i rab le  and necessary or  unwanted and in ter fer ing.  One s tudy showed 
that ,  compared to  enc losed of f ices,  in  open-p lan of f ices superv isory feedback is  
greater  but  conf ident ia l  communicat ion occurs less of ten (Sundst rom, Herber t  & 
Brown,  1982a) .  
 
Pr ivacy ra t ings are in f luenced by a  var iety o f  env i ronmental  fac tors .  Of f ice 
openness is  s t rongly negat ive ly corre la ted wi th  pr ivacy (De Croon et  a l . ,  2005) .  
Sundst rom and co l leagues (Sundst rom et  a l . ,  1980;  Sundst rom et  a l . ,  1982c)  
repor t  a  monotone re lat ionship between the number  of  par t i t ions or  wal ls  of  a 
workspace and the repor ted pr ivacy of  th is  workspace.  S imi lar ly,  Maher  & von 
Hippel  (2005)  mainta in  that  in  open-p lan of f ices the on ly pred ic tor  of  perce ived 
pr ivacy was the he ight  o f  par t i t ions.  Other  ob ject ive measures used in th is  s tudy 
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(number  of  par t i t ions,  in terpersonal  d is tance,  and dens i ty)  were not  s ign i f icant ly 
cor re lated wi th  perce ived pr ivacy.   
Accord ing to  a  s tudy by Duval l -Ear ly & Benedic t  (1992) ,  the best  pred ic tor  of  
perce ived pr ivacy is  the presence of  a door .  The second best  pred ic tor  is  a co-
worker  not  v is ib le .  Kupr i tz ’s  (1998)  s tudy po in ts  to the impor tance of  spat ia l  
barr iers  rather  than phys ica l  barr iers .  In  her  s tudy hav ing min imal  t raf f ic  routed 
through the worker ’s  area and be ing pos i t ioned away f rom major  t raf f ic  areas were  
ranked as more impor tant  than phys ica l  barr iers .  Ferguson (1983)  found aura l  
d is t ract ions to  be more impor tant  for  perce ived pr ivacy than degree of  openness.  
These resu l ts  suggest  that  a set  of  des ign components  and consequences of  
des ign dec is ions exp la in  perce ived pr ivacy of  of f ice users .  
6.4.2. Distractions and Interruptions  
Pr ivacy at  the workp lace concerns the regulat ion of  soc ia l  contacts  and therefore 
has impor tant  impl icat ions for  d is t ract ions and in ter rupt ions through co l leagues.  In  
many occupat ions,  workers  are inter rupted so of ten that  on ly about  40 per  cent  of  
task or iented work can be completed un inter rupted (Mark,  Gonzalez & Harr is ,  
2005) .  Inter rupt ions refer  to  at tent ional  d is t ract ions that  p lace greater  demands on 
cogni t ive process ing resources (Speier ,  Vessey & Valac ich,  2003) .  In cont rast  to 
d is t ract ions,  in ter rupt ions cannot  be ignored because they use the same sensory 
channel  as an act ion that  is  re fer red to as a pr imary act iv i ty and the regulat ion of  
wh ich is  be ing impai red.  
Dis t rac t ions and inter rupt ions can be regarded as annoying and f rust rat ing 
because they keep peop le f rom the i r  work.  In more monotonous work s i tuat ions,  
however ,  in ter rupt ions may be welcome d is t ract ions (Z i j ls t ra  e t  a l . ,  1999) .  From 
the act ion- theory po in t  o f  v iew d is t ract ions and in ter rupt ions are s tud ied focuss ing 
the demands they pose.  
In ter rupt ions may af fect  regula t ion processes in  severa l  ways:  they ca l l  for  a 
modi f icat ion of  the act ion p lan to  inc lude the inter rupt ing event .  Thereby 
in ter rupt ions require  a change in  the p lan for  ach iev ing the or ig ina l  goal  and 
command the adaptat ion to the new const ra ints .  Thus,  in ter rupt ions put  an 
addi t ional  demand on resources needed for  the regulat ion of  an act ion as a whole 
and for  act ion execut ion spec i f ica l ly.  On the longer  run in ter rupt ions may af fect  a 
worker ’s  subsequent  readiness to  per form by in f luenc ing the worker ’s  
psycholog ica l  and psycho-phys io log ica l  s ta te.   
As pred ic ted by act ion-regulat ion considerat ions,  in ter rupt ions have been shown 
to  lead to changes in  execut ion s t ra teg ies.  In  an exper imenta l  s imulat ion s tudy of  
o f f ice  work  wi th  in ter rupt ions (Z i j ls t ra e t  a l . ,  1999) ,  task execut ion s t ra teg ies were 
modi f ied in such way that  the deter iorat ion in the per formance of  the main task 
was avo ided.  The deter iora t ion was compensated for  by addi t iona l  ef for t .  In some 
cases in ter rupt ions were even overcompensated and per formance in s i tuat ions 
wi th  in ter rupt ions was h igher  than wi thout  in ter rupt ions.  These compensat ions 
came wi th  the pr ice of  negat ive impacts  on the emot ional  leve l .  Inter rupt ions were 
assoc ia ted wi th  a  decrease in  pos i t ive emot ion as wel l  as  wi th  h igher  leve ls  of  
  98 
ef for t  expendi ture.  Th is  ind icates that  inter rupt ions are assoc ia ted wi th  subject ive 
costs  and post  addi t ional  demands on people ’s  resources.  
 
Stud ies on of f ice no ise (see chapter  6.2 .1) demonst rate  that  no ise is  an impor tant  
source of  o f f ice d issat is fact ion.  Among the sources of  no ise in  of f ices,  no ise f rom 
co l leagues’  conversat ions is  the most  o f ten ment ioned source of  unwanted no ise,  
independent  o f  the sound in tens i ty.  Speech sounds in  the acoust ic  background 
reduce menta l  work per formance because they in ter fere wi th  verba l  work ing 
memory (Banbury & Berry,  1998;  Smi th-Jackson & Kle in ,  2009) .  Therefore the 
qual i ty o f  no ise and i ts  consequences for  the cogni t ive processes may be more 
impor tant  for  the per formance of  knowledge workers than the presence or  in tens i ty  
o f  no ise per  se.  
 
Empir ica l  resu l ts  on the ef fects  o f  in ter rupt ions are equivocal .  Oldham & Brass 
(1979)  and Zalesny & Farace (1987)  each repor t  a s ign i f icant  reduct ion of  
employees ’  ab i l i ty  to  concent rate  on the job due to in ter rupt ions af ter  a move f rom 
a convent ional  to an open-p lan of f ice.  Sundst rom et  a l .  (1982c)  found d is t ract ions 
to  be a s ign i f icant  pred ic tor  for  job sat is fact ion but  not  for  sat is fact ion wi th  
workspace.  Perce ived pr ivacy,  on the other  hand,  was a s ign i f icant  pred ic tor  for  
sat is fact ion wi th  workspace but  not  for  job sat is fact ion.  Sut ton & Rafael i  (1987)  
repor t  resu l ts  f rom a s tudy wi th  a  s imi lar  sample and s imi lar  of f ice  types that  are 
exact ly reverse.  In  the i r  s tudy d is t ract ions were a pred ic tor  of  sat is fact ion wi th  
workspace but  not  of  job sat is fac t ion.  Sundst rom et  a l .  (1994)  repor t  negat ive 
corre lat ions of  d is turbance by no ise and sat is fact ion wi th  the env i ronment  and 
between d is turbance by no ise and job sat is fac t ion but  not  between d is turbance by 
no ise and se l f -assessed or  superv isor - rated per formance.  
In  a long i tud ina l  s tudy of  31 workers  who moved f rom pr ivate of f ices to  open-p lan 
of f ices,  Kaar le la-Tuomaala et  a l .  (2009)  found s ign i f icant  increases of  negat ive 
ef fects  of  the acoust ic  env i ronment ,  inc lud ing increased d is t ract ion,  reduced 
pr ivacy,  and increased concent rat ion d i f f icu l t ies .  Se l f - rated loss of  work  
per formance due to  no ise doubled in  the open-p lan of f ices.  A lso on team leve l  
negat ive per formance ef fects  were apparent .  Cooperat ion became less p leasant  
and d i rect  and in format ion f low d id  not  change.  Thus team leve l  benef i ts  
assoc ia ted wi th  open-p lan of f ices could not  be rea l ised.  These unwanted ef fects  
might  be at t r ibuted to the change process and the loss of  s ta tus due to  the move 
in to  open-p lan of f ices.  Th is  in terpretat ion,  however ,  is  un l ike ly because work 
mot ivat ion did  not  change between the two set t ings.  There were no s ign i f icant  
changes in  psycholog ica l  wel l -be ing,  psycho-phys io log ica l  symptoms,  and fee l ings 
of  t i redness and overst ra in  e i ther .  
S imi lar  resul ts  were found in  a comparat ive s tudy of  large and smal l  group of f ices 
(Windl inger  & Zäch,  2007) .  In th is  s tudy h igher  va lues of  repor ted inter rupt ions 
were found in  larger  o f f ices.  Th is  resu l t ,  however ,  was not  matched by a 
corresponding d i f ference on psycho-phys io log ica l  symptoms,  psycholog ica l  wel l -
be ing,  or  recovery s ta te.  
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6.4.3. Crowding 
People fee l  c rowded when there are fe l t  to be too many people in  a par t icu lar  
p lace (Davies,  2009) .  Crowding is  the exper ient ia l  counterpar t  o f  dens i ty as an 
ob ject ive measure (Stokols ,  1972) .  Current  conceptua l izat ions of  crowding 
cons ider  the loss of  perce ived personal  cont ro l  as the core of  the phenomenon 
(Davies,  2009) .  The perce ived loss of  personal  cont ro l  over  the re lat ionship  
between se l f  and env i ronment  in s i tuat ions of  h igh soc ia l  dens i ty is  assumed to  be 
the cr i t ica l  determinant  o f  fee l ings of  crowding or  crowding s t ress.  From a 
perspect ive o f  act ion- regula t ion,  fee l ings of  crowding are the resul t  of  impai rments 
o f  act ion p lanning and/or  act ion execut ion that  ar ises through an imbalance of  
s i tuat ive demands,  requi rements of  the act ion,  and ind iv idual  resources (Schul tz-
Gambard,  1996) .   
 
The phys ica l  env i ronment  is  therefore a conduct ive force of  behav iour  in  as much 
as spat ia l  changes lead to changes in  the percept ion of  personal  cont ro l .  
Research ev idence shows that  employees in  dense condi t ions fee l  more crowded 
than those in  condi t ions of  low dens i ty (Oldham, 1988;  Oldham & Rotchford,  
1983) .  However ,  dens i ty becomes a prob lem in  o f f ice des ign on ly when i t  causes 
dysfunct ional  condi t ions for  act ion (Schul tz-Gambard & Hommel ,  1987) .  For  
example the move to  a new bui ld ing repor ted by Sz i lagyi  & Hol land (1980)  
increased the soc ia l  dens i ty.  Increased dens i ty was assoc iated wi th  fac i l i ta t ion o f  
work,  h igher  in format ion exchange,  greater job feedback,  f r iendship oppor tun i t ies ,  
and work sat is fact ion.  Therefore,  crowding is  a  power fu l  ind icator  that  dens i ty in  
an organisat ion is  dysfunct ional  for  act ion.  Th is  approach recognises the 
impor tance of  cons ider ing the nature o f  the work  in o f f ice des ign and of f ice 
conf igurat ion change that  the soc iotechnica l  systems perspect ive ca l ls  for .   
 
Crowding has been assoc ia ted wi th  e levated b lood pressure in  laboratory and f ie ld  
s tud ies (G.  W. Evans & Cohen,  2004) .  A common st ra tegy for  coping wi th  crowding 
s t ress is  soc ia l  wi thdrawal .  When dens i ty leads to crowding,  wi thdrawal  f rom the 
work area dur ing d iscret ionary break per iods (Oldham & Rotchford,  1983)  or  
tard iness (May et  a l . ,  2005)  may be the consequences.  
Consequences of  crowding on heal th  and sat is fact ion are rare ly d iscussed in  
iso la t ion and empir ica l  s tud ies tend to use crowding as a dependent  var iab le ,  
o f ten in  combinat ion wi th  pr ivacy and dens i ty.  Crowding is  cons idered an ind icator  
o f  s t ress in  re la t ion to dens i ty in  these s tud ies.  May et  a l .  (2005) ,  for  example,  
show that  crowding fu l l y  mediates the impact  of  soc ia l  dens i ty on af fect ive-
at t i tud ina l  (work area sat is fact ion)  and behavioura l  react ions ( tard iness) .  
 
The three aspects  of  the soc io-spat ia l  env i ronment  d iscussed above share a 
common topic .  Pr ivacy descr ibes the regula t ion of  s t imulat ion leve ls  in  order  to  
protect  resources or  cont ro l  demand leve ls  in  re la t ion to  work goals .  In ter rupt ions 
and d is t ract ions refer  to requi red modi f icat ions of  act ion p lans or  investment  of  
more ef for t  needed in  order  to  deal  wi th  in ter rupt ions or  re-or ientat ion of  at tent ion 
to  tasks.  Crowding,  eventua l ly,  re la tes act ion regulat ion to cont ro l  over  
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env i ronmenta l  demands in  re la t ion to  requirements  o f  work tasks and ind iv idual  
resources.  Thus,  the common top ic  is  the protect ion of  resources and regula t ion of  
demands.  These funct ions of  regulat ion are re lated to  job tasks.  The breakdown or  
impai rment  o f  these funct ions leads to investments  o f  addi t ional  e f for t  that  may 
over tax task re lated regulat ion capac i t ies .  S i tuat ions of  h igh regula t ion demands 
caused by the soc ia l  env i ronment  may resul t  in  soc ia l  s t ress because capaci t ies  
for  cop ing wi th  soc ia l  prob lems are not  ava i lab le .  Thus,  s i tuat ions character ised 
by low pr ivacy,  h igh crowding and h igh leve ls  o f  in ter rupt ions and d is t ract ions may 
aggravate soc ia l  prob lems.  
6.5. Effects of office design: Conclusions 
Table 1 summar izes the re la t ionship between aspects  o f  of f ice des ign and 
outcomes.  A var iety o f  of f ice des ign e lements  have been found to have an impact  
on sat is fac t ion,  heal th ,  and per formance.  Organisat ional  commitment  has been 
analysed in  connect ion wi th  ind iv idual  and env ironmenta l  var iab les (Fr ied et  a l . ,  
2001;  Leather  et  a l . ,  2002)  and re lat ionships between these d imensions are 
complex.   
There is  s t rong ev idence for  benef ic ia l  ef fects  o f  windows or  dayl ight  and v iews 
respect ive ly .  These ef fects  are so impor tant  that  dayl ight  is  required by law in  
many European regulat ions of  work ing condi t ions.  Apar t  f rom windows,  there is  
l i t t le  ev idence l ink ing des ign aspects  o f  o f f ice bu i ld ings and locat ions to  the 
outcomes focused here.  Noise is  a  negat ive aspect  of  the env i ronment  by 
def in i t ion.  Noise is  cons is tent ly re la ted to  reduced sat is fac t ion,  lower  leve ls  of  
heal th ,  and reduced ind iv idual  per formance.  Research on indoor  a i r  qual i ty has 
focused ef fects  on heal th  and per formance.  Inf luences of  indoor  a i r  qual i ty on 
these two outcome categor ies  are of ten operat ional ized as vent i la t ion ra tes and 
have been shown to  have an impact  on heal th  and ind iv idual  per formance.  Stud ies 
on l ight ing in  o f f ices ident i f ied l ight ing and dayl ight  as impor tant  determinants  of  
env i ronmenta l  sat is fact ion.  Dayl ight  cont r ibutes to pos i t ive heal th  whi le  poor  
l ight ing condi t ions may impai r  heal th .  Ef fects  o f  l ight ing on per formance are 
inconc lus ive.  Noise,  a i r  qual i ty,  and l ight ing are e lements  of  the work env i ronment  
that  can be cont ro l led by o f f ice  users  to h igher  or  lesser  degrees.  Contro l  over  
workp lace env i ronmental  condi t ions has been shown to  have a pos i t ive ef fect  on 
sat is fact ion,  heal th measures,  and per formance.  
E lements  of  the spat ia l  organisat ion of  o f f ices,  such as layout  and dens i ty,  have 
been s tud ied most ly in  set t ings where dens i ty and openness of  o f f ices were 
increased.  Both,  increas ing of f ice openness and increas ing spat ia l  dens i ty,  have 
negat ive impacts  on sat is fact ion and per formance measures.  Empir ica l  resu l ts  
re la t ing soc ia l  dens i ty to sat is fact ion measures are equivocal .  For  the s tudy of  the 
soc io-spat ia l  env i ronment  in o f f ices,  pr ivacy and in ter rupt ions are two impor tant  
var iab les,  descr ib ing at  least  par t ly  the same exper iences.  Pr ivacy is  an impor tant  
determinant  o f  env i ronmenta l  sat is fact ion.  I ts  impact  on job sat is fac t ion and 
per formance,  however ,  is  equivocal .  Inter rupt ions have been shown to  reduce 
both,  job and env i ronmenta l  sat is fact ion and per formance.  Crowding has been 
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researched as an ind icator  o f  soc ia l  s t ress and ev idence ind icates that  crowding 
mediates the impact  of  soc ia l  dens i ty on outcome var iab les such as env i ronmental  
sat is fact ion.  
Table 1.  Overview of the relat ionship between off ice design variables 
and outcomes based on l iterature review chapters 6.1 to 6.4 
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W indows + +  +  
Noise -  -   -  -  
Thermal  Comfor t   +     
Indoor  A i r  Qual i ty /  thermal  d iscomfor t     -  -  
L ight ing  +   -  0  
Dayl ight  +  +  +   
Contro l  over  o f f ice env i ronment  +   +  + 
Layout :  openness -  -    -  
Soc ia l  dens i ty  0  0    -  
Spat ia l  dens i ty  -  -     
Pr ivacy 0 +   0  
In ter rupt ions -  -    -  
Crowding      
+ posi t ive inf luence  
-   negat ive inf luence  
0   inconclusive evidence  
Empty no evidence  
 
A l together ,  these f ind ings show that  of f ice env i ronments p lay an impor tant  ro le in  
work  l i fe .  However ,  there are some shor tcomings in  the ev idence ava i lab le .  
Publ ished research on of f ice env ironments is  o f  l imi ted pract ica l  va lue because 
the facets  s tud ied remain unre la ted to the phys ica l  des ign of  of f ice bu i ld ings,  use 
of  space,  furn i ture,  and equipment .  Current  research is  not  suf f ic ient ly or iented 
towards phys ica l  s t ructures and therefore does not  a l low the der ivat ion of  des ign 
impl icat ions.  
There are severa l  methodolog ica l  def ic ienc ies in  the l i tera ture rev iewed in  
chapters  6.1  to 6 .4.  In most  of  the s tud ies on ly  s ing le  d imensions and few 
var iab les have been examined.  Mul t id imensional  models  necessary for  the 
analys is  o f  complex ef fects  o f  interdependent  ef fec ts  of  work  env i ronments  have 
been analysed on ly recent ly (e .g .  Lee and Brand,  2005) .  Fur thermore,  longi tud ina l  
research des igns account ing for  indiv idual  var iances due to changes in  the of f ice 
env i ronment  have not  o f ten been used or  have been used wi thout  adequate cont ro l  
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groups.  S imi lar ly,  most  o f  the avai lab le  research resu l ts  do not  cont ro l  for  work  
des ign.  Work des ign is  cons idered an impor tant  determin ing factor  of  overa l l  job 
sat is fact ion (Hackman & Oldham, 1980)  and has been shown to in teract  wi th  
env i ronmenta l  condi t ions (Oldham et  a l . ,  1991;  Sz i lagyi  & Hol land,  1980) .  Work 
des ign can vary cons iderably between organisat ions and th is  can obscure cross-
sect iona l  compar isons of  of f ice work envi ronments.  For  example,  scope of  act ion 
(a lso termed cont ro l  or  autonomy)  is  cons idered a cruc ia l  job character is t ic  wi th  
impor tant  consequences for  sat is fact ion,  heal th ,  and per formance (see chapter  7) .  
 
 
 
Figure 20.  Job Demands-Resources model for the analysis of  off ice 
work 
In  addi t ion to  methodolog ica l  shor tcomings,  the theoret ica l  bas is  of  cur rent  
workp lace research has to be ca l led in to quest ion.  The ev idence avai lab le  is  
most ly based on iso lated case s tud ies,  addresses a l imi ted number  of  top ic  areas 
(main ly ambient  condi t ions and of f ice layout )  and a l imi ted number  of  outcomes 
(occupant  comfor t  and at t i tudes) .  The l imi ta t ion in  research focus re f lec ts  the 
absence of  a  theoret ical  f ramework o f  the ef fec ts  of  of f ice  des ign.  In th is  thes is ,  
the Job Demands-Resources model  is  used as a research f ramework.  Job 
demands and resources are re la ted to  the concept  of  s t ressors  f rom act ion-
regulat ion theory and to  the concept  of  comfor t .  Of f ice env i ronments conta in  
e lements  that  impede act ion regulat ion ( i .e.  s t ressors)  and resources,  i .e .  aspects  
that  are impor tant  for  deal ing wi th  demands /s t ressors.  Dayl ight ,  cont ro l  over  the 
env i ronment ,  thermal  comfor t ,  and pr ivacy be long to th is  category.  Job demands 
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rooted in the env i ronment  are no ise,  d iscomfor t ,  l ight ing,  a i r  qual i ty,  l ight ing,  
dens i ty,  o f f ice openness,  and inter rupt ions.  F igure 20 i l lus t ra tes the pre l iminary 
Job Demands-Resources model  incorporat ing these e lements  o f  o f f ice 
env i ronments.  
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7. The Work environment: Job design 
Work des ign cons is ts  of  a t t r ibutes of  the task,  job,  and soc ia l  and organisat iona l  
env i ronment  (Humphrey et  a l . ,  2007) .  Work and job des ign are impor tant  sources 
of  inf luence for  ind iv idual ,  group,  and organisat ional  outcomes (Morgeson & 
Campion,  2003;  S.  Parker  & Wal l ,  1998) .  At  the core of  work des ign is  job des ign,  
i .e .  the des ign of  the content  and s t ructure of  jobs that  employees per form.  The 
focus of  job des ign is  on the nature of  work act iv i t ies ,  i .e.  the tasks and act iv i t ies  
that  employees complete in  the i r  work on a da i ly bas is  (Frese & Zapf ,  1994;  
Oldham, 1996) .  React ions to  job des ign may in teract  wi th  percept ions and 
react ions re la ted to  of f ice env i ronment  des ign.  However ,  empi r ica l  ev idence 
regard ing th is  interp lay is  equivocal  (Oldham & Brass,  1979;  Oldham & Rotchford,  
1983;  Pej tersen et  a l . ,  2006;  Sz i lagy i  & Hol land,  1980) .  However ,  there is  a 
consensus about  the impor tant  ro le  o f  both,  job des ign and of f ice des ign,  as 
factors  contr ibut ing to occupat ional  s t ress and heal th  (G.  W.  Evans,  Becker ,  Zahn,  
B i lo t ta  & Keesee,  2012;  A.  F.  Marmot  et  a l . ,  2006) .  
Job des ign theory has been dominated by the job character is t ics  model  (Hackman 
& Oldham, 1976)  (F igure 21) .  Recent  extens ions of  th is  model  and other  
developments in  job des ign expand the narrow focus on task proper t ies  and 
inc lude the phys ica l  and soc ia l  env i ronment  (Humphrey et  a l . ,  2007) .  The job 
character is t ics  model ,  the act ion-regulat ion approach to  job des ign and some 
recent  extens ion of  these approaches are presented in the fo l lowing chapters .  
7.1. Motivational approach to job design 
The dominant  approach of  the models  o f  work env i ronments  that  s t imulate ,  
fac i l i ta te,  and suppor t  per formance is  the job character is t ics  model  (Hackman & 
Oldham, 1976) .  Th is  model  assumes that  character is t ics  o f  jobs af fec t  c r i t ica l  
psycholog ica l  s ta tes wh ich in turn have an ef fect  on personal  and work outcomes 
(F igure 21) .  Th is  model  has dominated job des ign research (Humphrey e t  a l . ,  
2007;  Morgeson & Campion,  2003)  and as a consequence of  th is  focus on 
mot ivat iona l  work  features o ther  aspects  o f  work  (phys ica l  and soc ia l  env i ronment ,  
contextua l  aspects)  have rece ived much less at tent ion.  Essent ia l ly ,  the job 
character is t ics  model  is  a  mot ivat iona l  model  of  job per formance as i t  pos i ts  that  
the combinat ion of  core job character is t ics  def ine the mot ivat ing potent ia l  o f  a  job.  
Despi te  some theoret ical  and empir ica l  prob lems (see S.  Parker  & Wal l ,  1998)  the 
ef fect  o f  spec i f ic  job character is t ics  on the outcomes has found suppor t  in  many 
s tud ies.  
Hackman & Oldham’s (1976)  bas ic  assumpt ion is  that  a  worker  exper iences 
pos i t ive a f fect  when he cares about  the task (exper ienced meaningfu lness) ,  when 
he personal ly has per formed wel l  on  a work task (exper ienced responsib i l i ty) ,  and 
when he learns (knowledge of  resu l ts) .  The three psycholog ica l  s ta tes cont r ibut ing 
to  pos i t ive af fect  are def ined as fo l lows (Hackman & Oldham, 1976) :   
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  Exper ienced meaningfu lness re fers  to  the degree to which a worker  
exper iences h is  or  her  work as general ly meaningfu l ,  va luable ,  and wor thwhi le .  
  Exper ienced respons ib i l i ty  is  the degree to which a worker  fee ls  accountab le  
and responsib le  for  outcomes of  the work he or  she does.  
  Knowledge of  resu l ts  descr ibes the degree to wh ich the worker  knows and 
understands how ef fect ive ly he or  she is  per forming the job.  
When a l l  o f  the psycholog ica l  s ta tes are present ,  pos i t ive a f fect  should resu l t .  
Th is  pos i t ive a f fect  is  re in forc ing and serves as an incent ive to  per form wel l  in  the 
fu ture.  Thus,  an in terna l ly re in forc ing s ta te o f  af fa i rs  should lead to  int r ins ic  work  
mot ivat ion wh ich in  turn resu l ts  in  se l f -generated rewards.  
The fue l  for  th is  se l f -perpetuat ing cyc le  comes f rom the job character is t ics  that  
cont r ibute to  the psycholog ica l  s ta tes (F igure 21) .  Three job character is t ics  add 
up to determine perce ived meaningfu lness of  a  job:  (1)  sk i l l  var iety descr ibes the 
degree to which a job requi res a var ie ty o f  d i f ferent  act iv i t ies  which invo lve 
d i f ferent  sk i l ls  of  the worker ,  (2)  task ident i ty re fers  to  the degree to which a job 
invo lves complet ion of  a  whole and ident i f iab le p iece of  work,  or  a job f rom 
beginn ing to an end wi th  a  v is ib le  outcome,  and (3)  task s ign i f icance refers  to  the 
degree to which a job has an impact  on other  people .  
Exper ienced responsib i l i ty  is  pred ic ted by autonomy which descr ibes the extent  to 
wh ich a job prov ides choice and d iscret ion of  schedul ing work and determin ing 
procedures for  carry ing i t  out .  Knowledge of  resu l ts ,  eventua l ly,  is  fos tered by 
feedback,  def ined as the degree to  wh ich the job i tse l f  prov ides in format ion about  
the worker ’s  per formance.  
 
 
 
Figure 21. Job characterist ics model (Oldham, 1996) 
A meta-analys is  o f  job character is t ics  (Fr ied & Ferr is ,  1987)  ind icates that  the 
re la t ionships between var ie ty and task ident i ty on the one hand and job 
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sat is fact ion on the other  hand are substant ia l ly  h igher  than the corre lat ions wi th  
per formance.  Fur thermore,  var iety has a s t ronger  re lat ionship  wi th  mot ivat ion than 
task ident i ty .  Th is  meta-analys is  shows that  there are smal l  pos i t ive corre la t ions 
between job character is t ics  and ob ject ive per formance (superv isor  rat ings or  
ob ject ive data) .  A rep l icat ion and extens ion of  Fr ied & Ferr is ’  meta-analys is  by 
Humphrey e t  a l .  (2007)  shows that  autonomy is  pos i t ive ly re la ted to  object ive 
per formance and that  autonomy,  task ident i ty,  task s ign i f icance,  and feedback 
f rom the job (but  not  sk i l l  var iety)  have pos i t ive corre la t ions wi th  subject ive 
per formance.  
As a mot ivat ional  model  o f  job des ign,  the job character is t ics  model  focuses on a 
l imi ted set  of  work  features and neglects  o ther  aspects  of  work  such as 
env i ronmenta l ,  soc ia l ,  and contextua l  aspects  (Humphrey e t  a l . ,  2007;  Morgeson & 
Campion,  2003) .  Humphrey et  a l .  (2007)  extend th is  focus and in tegrate 
mot ivat iona l ,  soc ia l ,  and work context  character is t ics .  In  the i r  meta-analys is  they 
show that  four teen work character is t ics  exp la in  on average 43% of  the var iance in 
n ineteen worker  a t t i tudes and behaviours .  Mot ivat ional  character is t ics  were found 
to  exp la in  25% of  the var iance in subject ive per formance;  soc ia l  character is t ics  
exp la ined an addi t ional  9%. Work context  character is t ics  were found to  exp la in  
un ique var iance in  job sat is fact ion (4%) and in s t ress (16%) but  not  in 
per formance.  
These resul ts  conf i rm the f ind ings that  job character is t ics  have a s t ronger  e f fect  
on at t i tud ina l  outcomes (e.g .  sat is fact ion)  than on behavioura l  ones (e.g .  
per formance) .  Fur thermore,  th is  research po in ts  to severa l  d i rect ions for  extens ion 
of  the job character is t ics  model .  
7.2. Action-regulation approach to job design 
The act ion regulat ion approach to  job des ign extends the mot ivat ional  perspect ive 
and combines i t  wi th  a  learn ing and development  aspects  of  work ing.  Frese & Zapf  
(1994)  argue that  a mot ivat ional  approach to  job des ign is  incomplete because 
increases in mot ivat ion a lone do not  lead to h igher  product iv i ty,  whi le  a  bet ter  
understanding of  a  job does.  Thus,  the act ion-regulat ion approach puts  an 
emphasis  on cogni t ive processes.  
Act ion regulat ion theory  combines a s i tuat ional  in f luence perspect ive wi th  a 
per formance regulat ion perspect ive:  based on a model  of  act ion regulat ion (see 
chapter  4 .1) ,  re la ted job features are ident i f ied.  The act ion regulat ion perspect ive 
on per formance focuses on regulat ion requi rements  and regulat ion problems (see 
chapter  4 .1.4)  and on knowledge bases re levant  for  act ions.  The development  of  
goals  and execut ion of  p lans and the cogni t ive regula t ion of  ac t ion are dependent  
on menta l  representat ions of  the impor tant  parameters  o f  work tasks and 
contextua l  condi t ions (Frese & Zapf ,  1994) .  Th is  background knowledge is  
acqui red in learn ing processes that  invo lve pract ice;  inte l lec tua l  understanding 
evo lves wi th  pract ica l  exper ience.  Therefore,  cont ro l  is  a  cruc ia l  character is t ic  of  
job des ign because i t  a l lows for  the evo lu t ion of  task re levant  knowledge through 
learn ing exper iences.  Fur thermore,  cont ro l  a l lows for  choos ing adequate 
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s t rateg ies to  deal  wi th  s i tuat ions and to p lan ahead.  Thus workers  wi th  h igh 
cont ro l  (and a cer ta in  amount  of  exper ience,  i .e .  task and act ion re levant  
knowledge)  can react  more f lex ib ly and per form bet ter  than workers  wi th  low 
cont ro l .  Whi le  cont ro l  refers  to  regulat ion poss ib i l i t ies ,  complex i ty o f  tasks re fers  
to  regulat ion requi rements  (see chapter  4 .1) .  Complex i ty is  an impor tant  feature of  
jobs because i t  can lead to qual i tat ive or  quant i ta t ive regulat ion over load or  
s t ress.  
S imi lar ly to  cont ro l ,  var ie ty is  cons idered an impor tant  feature of  tasks.  Var ie ty 
descr ibes the amount  of  d i f ferent  act ions requi red by the task (Frese & Zapf ,  
1994) .  In addi t ion to  learn ing exper iences and fu l l  u t i l isa t ion of  sk i l ls  and 
knowledge,  var ie ty a lso prevents  s t ra in  in jur ies  f rom repet i t ive movements.   
A fur ther  impor tant  character is t ic  of  jobs f rom the perspect ive of  act ion regulat ion 
theory is  the completeness of  ac t ion (a lso label led ho l is t ic  job) .  Th is  concept  
re fers  to  the number  o f  s teps assoc ia ted wi th  a  task.  An act ion is  cons idered 
complete when i t  invo lves a l l  regulat ion s teps in  the act ion process,  in par t icu lar  
goal  set t ing,  p lan development ,  dec is ion making,  execut ion moni tor ing,  and 
feedback.  
Both,  acquis i t ion of  task re levant  knowledge and act ion regulat ion can be 
suppor ted by co-workers  and superv isors .  Therefore,  co-operat ion and soc ia l  
suppor t  is  a fur ther  job character is t ic  cons idered impor tant  in  act ion regulat ion 
theory.  
 
A l though the theoret ical  roots  o f  act ion-regulat ion theory are d i f ferent  f rom the 
mot ivat ional  approach the cr i t ica l  job character is t ics  f rom a regulat ion requi rement  
po in t  of  v iew turn out  to  be s imi lar  to the ones ident i f ied f rom a mot ivat ional  
approach.  Both approaches s t ress the impor tance of  autonomy or  cont ro l  and 
cons ider  sk i l l  var iety,  feedback,  task ident i ty to be impor tant  job character is t ics  
(see Kompier ,  2003 for  a  deta i led d iscuss ion) .  A major  d i f ference between the two 
perspect ives re lates to the emphasis  on e i ther  the subject ive appra isa l  o f  the 
env i ronment  or  on the ob ject ive env i ronment .  Whi le  the job character is t ics  model  
emphasizes percept ions,  the act ion regulat ion approach is  d i rected more at  the 
ob ject ive env i ronment .  Addi t iona l ly ,  the compensat ion mechanism among sk i l l  
var ie ty,  task ident i ty,  and task s ign i f icance in the job character is t ics  model  does 
not  have a match wi th  a  s imi lar  mechanism in the act ion- regula t ion approach to  
job des ign.  Rather  f rom the la t ter  perspect ive the job character is t ics  are of  the 
same impor tance.  
7.3. Interdisciplinary approach to job design 
A more comprehensive extens ion of  the mot ivat ional  job character is t ics  approach 
to  job des ign has been developed by Campion and co l leagues (Campion,  1988;  
Campion & McCle l land,  1993;  Campion,  Mumford,  Morgeson & Nahrgang,  2005;  
Campion & Thayer ,  1985) .  Th is  approach recognises that  in d i f ferent  sc ient i f ic  
d isc ip l ines d is t inc t  approaches to job des ign have been developed and that  
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research in  each of  the d isc ip l ines has been conducted re la t ive ly independent ly o f  
o ther  approaches.  
The interd isc ip l inary approach combines the mot ivat ional  approach f rom 
organisat ional  psychology wi th  the mechanis t ic  approach f rom indust r ia l  
engineer ing,  the b io log ica l  approach f rom work  phys io logy,  and the 
perceptua l /motor  approach f rom exper imenta l  psychology.  The d i f ferent  
approaches to  job des ign in f luence d i f ferent  outcomes which inc lude benef i ts  as 
we l l  as  costs  (Campion & Thayer ,  1985) .  In some cases costs  and benef i ts  
represent  seemingly i r reconc i lab le  t rade-of fs  between d i f ferent  approaches.  For  
example,  mechanis t ic  job des ign may increase ef f ic iency at  the cost  o f  reduced 
job sat is fac t ion.  
The interd isc ip l inary approach to  job des ign emphasizes that  d i f ferent  job 
( re)des ign goals  requi re d i f ferent  approaches (Campion et  a l . ,  2005) .  Thus,  i t  
overcomes l imi tat ions of  the mot ivat ional  approach that  does not  d is t ingu ish 
between d i f ferent  types of  job des ign and extends the perspect ive of  des ign 
in tervent ions and under ly ing va lues (S.  Parker  & Wal l ,  1998) .  The quest ion 
remains open to what  extent  job des ign goals  and approaches can be combined.  
Morgeson & Campion (2002)  conducted a longi tud ina l  quas i -exper iment  examin ing 
the poss ib i l i ty  to  d i f ferent ia l ly  change jobs in terms of  the i r  mot ivat ional  and 
mechanis t ic  proper t ies .  Thei r  f ind ings ind icate that  t rade-of fs  prev ious ly 
cons idered inherent  in job des ign do not  a lways occur .  The nature of  such 
cont ingenc ies,  however ,  remains to  be researched.  
 
There may a lso be crossover  e f fects  between d i f ferent  levels  of  work  des ign.  In a  
longi tud ina l  quas i -exper iment ,  Oldham & Brass (1979)  s tud ied the in f luence of  
change in  the phys ica l  env i ronment  on employee sat is fac t ion and mot ivat ion.  
Employees of  a newspaper  organisat ion moved f rom t rad i t iona l  o f f ices to  an open-
p lan of f ice ar rangement .  There were no changes in the jobs themselves,  but  
moving to  the new of f ice env i ronment  decreased the percept ion of  severa l  job 
character is t ics .  Oldham & Brass (1979)  found that  the job character is t ics  mediated 
the re la t ionship  between the phys ica l  o f f ice set t ing and employee sat is fact ion and 
mot ivat ion and conc luded that  the phys ica l  set t ing in f luences employee mot ivat ion 
and sat is fact ion by changing the i r  percept ions of  spec i f ic  job character is t ics .  
In  a s imi lar  long i tud ina l  s tudy Sz i lagy i  & Hol land (1980)  found increased dens i ty to  
increase the percept ion of  the job character is t ic  feedback and to decrease the 
percept ion of  autonomy.  In the i r  s tudy decreased dens i ty reduced perceived 
feedback and increased autonomy,  respect ive ly.  
7.4. Extensions of the focus of job design 
Recent  extens ions of  the focus of  job des ign concern the phys ica l  and soc ia l  
env i ronment  and knowledge character is t ics  o f  jobs (Grant ,  Fr ied & Ju i l le ra t ,  2010 
for  an overv iew) .  
The integrat ion of  the phys ica l  env i ronment  in to  job des ign theory and research 
has been cal led for  by severa l  authors  of  job and work des ign rev iews (Grant  e t  
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a l . ,  2010;  Morgeson & Campion,  2003;  Oldham, 1996) .  However ,  the f ind ings on 
the ef fec ts  o f  spat ia l  conf igurat ions and the des ign phys ica l  env i ronment  
summar ised above (chapter  6)  have not  yet  been in tegrated wi th  job des ign 
theory.  
Another  d imension of  job des ign theory development  is  the soc ia l  env i ronment  
(Grant  & Parker ,  2009) .  The focus of  the development  l ies  on re la t ional  and 
proact ive aspects  o f  work  des ign.  This  perspect ive a lso acknowledges the 
in teract ion of  soc ia l  and phys ica l  env i ronment  and there seems to  be consensus 
on the fact  that  of f ice and workspace des ign af fect  soc ia l  in teract ions.  However ,  
more research and r icher  theory is  needed in  order  to  exp lore the nature of  o f f ice 
and workspace des ign in f luences on soc ia l  and re lat iona l  character is t ics  of  work 
(Grant  & Parker ,  2009) .   
Fur ther  developments concern the ro le  o f  soc ia l  suppor t ,  in terdependence,  
in teract ion outs ide the organisat ion,  and feedback f rom others .  These soc ia l  
character is t ics  of  jobs play an impor tant  ro le on employee at t i tudes and 
exper iences.  Meta-analyt ica l  f ind ings show that  af ter  cont ro l l ing for  task and 
knowledge character is t ics  these four  soc ia l  character is t ics  exp la in  an incrementa l  
var iance of  seventeen per  cent  in job sat is fac t ion,  e ighteen per  cent  in ro le  
ambigu i ty and conf l ic t ,  for ty per  cent  in organizat ional  commitment ,  twenty- four  
per  cent  in turnover  intent ions,  and n ine per  cent  in subject ive per formance 
(Humphrey et  a l . ,  2007) .  
 
In  the t rad i t ion of  act ion regulat ion research the focus in s tud ies o f  the soc ia l  
env i ronment  is  on soc ia l  s t ressors .  Soc ia l  s t ressors inc lude soc ia l  an imosi t ies ,  
conf l ic ts  wi th  co l leagues and superv isors ,  and negat ive group c l imate (Dormann & 
Zapf ,  2002) .  Compared to  o ther  s t ressors,  however ,  there is  l i t t le  research on 
soc ia l  s t ressors  in  organisat ions.  Soc ia l  s t ressors  have a negat ive impact  on job 
sat is fact ion (Harr is ,  Harvey & Kacmar,  2009)  and cont r ibute to burnout  (Dormann 
& Zapf ,  2004) .  
7.5. Effects of job design: Conclusions 
Dif ferent  approaches to def ine job character is t ics  and the in teract ion between the 
worker  and the work env i ronment  over lap remarkably (Kompier ,  2003 for  an 
overv iew) .  The job des ign features f rom the job character is t ics  model  are 
para l le led by concepts  f rom act ion-regulat ion theory.  Var ie ty,  autonomy,  and task 
ident i ty are d imensions of  job des ign cons idered impor tant  in  both approaches.  
Feedback is  subsumed in  completeness of  ac t ion in  the act ion-regula t ion approach 
whi le  i t  is  a  d iscrete  feature in  the job character is t ics  model .  Whereas the job 
character is t ics  model  focuses on af fect  and mot ivat ion,  the act ion-regulat ion 
approach emphasises cogni t ive processes and the p lanning and execut ion of  
act ions.  Contrary to  the job character is t ics  model ,  the ac t ion-regula t ion approach 
h igh l ights  the ro le  of  regulat ion problems and job demands on the one hand and 
acknowledges the ro le o f  soc ia l  suppor t  as  a resource for  coping wi th  h igh 
demands on the other  hand.  Fur thermore,  the act ion-regulat ion approach is  
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appl icab le  to  s t ress and heal th top ics  in work env i ronments .  These top ics  are 
d i f f icu l t  to  reconc i le  wi th  the job character is t ics  model  because th is  approach 
focuses on mot ivat ion,  per formance,  and sat is fact ion.  
 
The Job Demands-Resources model  is  proposed as a genera l  f ramework for  the 
assessment  o f  r isk fac tors  assoc iated wi th  negat ive outcomes of  job des ign on 
heal th ,  sat is fact ion,  and per formance.  I t  is  based on the assumpt ion that  whi le  a l l  
occupat ions have the i r  own spec i f ic  r isk  factors ,  these factors  can be c lass i f ied 
in to  job demands and resources.  Demands and resources are def ined f rom a 
funct ional  po in t  of  v iew.  In th is  thes is  the act ion-regulat ion approach is  used to 
der ive the content  d imensions of  demands and resources in  the work env i ronment  
(F igure 20) .  The in tegrat ion of  job des ign and the des ign of  phys ica l  work 
env i ronments  has been ca l led for  by many scholars  (e .g.  Kompier ,  2003;  Oldham, 
1996) .  The appl icat ion of  an in tegrated v iew of  job and env i ronmenta l  des ign in  
o f f ice env ironments  is  par t icu lar ly re levant  g iven the sh i f t  f rom a manufactur ing to  
a  serv ice-or iented economy and the lack of  theoret ica l  models  and empir ica l  
s tud ies in  of f ice work env i ronments .  
There is  tentat ive ev idence for  an in teract ion between of f ice des ign and job 
des ign.  In a  longi tud ina l  s tudy Sz i lagyi  & Hol land (1980)  found increased dens i ty 
to  increase the percept ion of  the job character is t ic  feedback and to decrease the 
percept ion of  autonomy whi le  decreased dens i ty led to  a  reduct ion in perce ived 
feedback and increased autonomy.  Oldham & Brass (1979)  found job 
character is t ics  to mediate  the re la t ionship  between the phys ica l  of f ice set t ing and 
employee sat is fact ion and mot ivat ion.  They conc luded that  changes in  the phys ica l  
set t ing may a l ter  employees’  percept ions of  job character is t ics .  Fur thermore,  
features of  o f f ice des ign in f luence impor tant  outcomes of  job des ign such as job 
sat is fact ion,  heal th s ta tus,  and per formance of  employees.   
The ef fects  o f  job and of f ice des ign on these outcomes can be inc luded wi th in  the 
Job Demands-Resources f ramework.  The or ig ina l  f ie ld o f  research and 
development  of  the Job Demands-Resources was burnout  (Demerout i  et  a l . ,  2001) .  
The model  was subsequent ly developed to inc lude other  outcomes,  such as 
sat is fact ion and per formance (Bakker  & Demerout i ,  2007;  Bakker ,  Demerout i  & 
Verbeke,  2004) .  Thus,  the Job Demands-Resources model  can be used as an 
empir ica l ly we l l  suppor ted f ramework for  the s tudy of  the jo in t  ef fec ts  of  job and 
of f ice des ign.  
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8. Theoretical Model 
The main goal  o f  th is  thes is  cons is ts  in the analys is  o f  the extent  to  wh ich the 
phys ica l  env i ronment  in o f f ices has an in f luence on employees’  wel l -be ing 
(sat is fact ion and heal th) ,  commitment ,  and job per formance.  Ef fects  o f  the of f ice 
env i ronment  are analysed per  se and in  re la t ion to in f luences of  work des ign and 
the soc ia l  env i ronment .  The theoret ica l  work ing  model  therefore integrates three 
c lasses of  s t ressors  that  are re levant  for  act ion-regulat ion wi th in  the Job 
Demands-Resources f ramework:  task,  env i ronmenta l ,  and soc ia l  s t ressors.  
In  chapter  3 I  s tated that  the JDR f ramework does not  spec i fy the content  of  
demands and resources but  on ly the i r  funct ion.  Indeed,  i t  is  a bas ic  assumpt ion of  
the JDR approach that  every occupat ion has i ts  own spec i f ic  r isk  factors  
assoc ia ted wi th  job s t ress and these factors  can be categor ized in job demands 
and job resources.  Therefore the re levant  var iab les for  the s tudy o f  of f ice  
env i ronmenta l  in f luences on employees were developed through theoret ica l  
cons iderat ions (chapter  4)  and the rev iew of  the l i tera ture (chapters  5 to  7) .  
 
On the bas is  of  act ion-regulat ion theory,  s t ressors  and resources can be 
descr ibed for  and appl ied to o f f ice work (see chapter  4) .  Based on the rev iew of  
the l i terature on ef fects  o f  the of f ice env i ronment ,  the contents  of  s t ressors  and 
resources are more prec ise ly def ined (see chapter  6) .  F ina l ly,  l i tera ture on job 
des ign prov ides addi t iona l  in format ion on task re la ted demands and resources 
(chapter  7) .  The work ing model  integrat ing these ef fects  is  presented in  F igure 22.  
I t  conta ins a theory-based c lass i f icat ion of  job demands and job resources 
per ta in ing to  the phys ica l ,  job des ign,  or  soc ia l  env i ronment .  
 
In  th is  work ing model ,  job demands refer  to s t ressors  i .e.  features of  the work 
env i ronment  that  increase the probabi l i t y  o f  s t ress react ions and s t ress- re la ted 
outcomes (R.  L.  Kahn & Byos iere,  1992,  Semmer,  McGrath & Beehr ,  2005) .  From 
the perspect ive of  act ion-regulat ion theory s t ressors  are character ised by the i r  
funct ion of  d is turb ing the cogni t ive regula t ion of  act ion.  Thus in  th is  thes is  job 
demands refer  to  aspects  of  the job re la ted to the of f ice env ironment ,  job des ign 
for  o f f ice workers ,  and the soc ia l  env i ronment .  These aspects  require  susta ined 
menta l  ef for t  and are assoc ia ted wi th  psycholog ica l  cost  because they impede or  
over tax cogni t ive regula t ion of  ac t ion or  increase regulat ion uncer ta in ty.   
Job resources in  the present  work ing model  refer  to aspects  o f  the job re lated to  
the of f ice env i ronment ,  job des ign for  o f f ice workers ,  and the soc ia l  env i ronment  
that  are funct ional  in ach iev ing goals ,  reduce demands and the assoc iated 
psycholog ica l  costs ,  and s t imulate personal  learn ing and development .  Resources 
re la ted to the phys ica l  o f f ice  env i ronment  increase env i ronmenta l  comfor t ,  a 
concept  that  refers  to  the sat is fac t ion wi th  the re la t ionship between ind iv idual  
goals  and phys ica l ,  funct ional ,  and psycholog ica l  aspects  o f  the phys ica l  work 
env i ronment .  Job demands and job resources are in terdependent  and there may 
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be in teract ions between the two c lasses or  thei r  e lements  respect ive ly  (Bakker  & 
Demerout i ,  2007) .  
Whereas job demands and resources in  the JDR approach re la te  to the cogni t ive 
regulat ion of  ind iv idual  act ion the terms demand and workp lace resource (supply)  
have been used in  workp lace research (e .g.  Duf fy,  2000;  Nut t ,  2004;  Rabeneck,  
2008)  refer r ing to needs,  requi rements ,  and expectat ions (demand)  and serv ices 
( resources) .  Thus,  whi le  demands and resources in the JDR approach are 
hypothet ica l  and psycholog ica l  const ructs ,  demand-supply models  of  workp lace 
management  represent  the economic and Fac i l i t ies  Management  perspect ive.  The 
FM and JDR perspect ives are connected and the management  of  spat ia l  resources 
(and f inanc ia l ,  human,  and in format ional  resources;  see Nut t ,  2000)  def ine the 
contexts  for  employee’s  percept ions and exper iences of  demands and resources.   
 
Job demands re lat ing to o f f ice env i ronment  character is t ics  are c lass i f ied as 
regula t ion di f f icu l t ies  and in ter rupt ions,  e lements that  are cons idered as 
regulat ion obstac les in act ion-regulat ion theory.  Fur thermore,  phys ica l  
env i ronment  factors  cons is t  in  e lements  that  may lead to over tax ing regulat ion.  
Fur ther  e lements re levant  for  over tax ing regulat ion are task inherent  fac tors  that  
can be descr ibed as quant i tat ive over load and e lements of  the soc ia l  env i ronment .  
F ina l ly,  qual i ta t ive over load is  c lass i f ied as a job demand because i t  may lead to 
regula t ion uncer ta inty.  
Job resources cons is t  in  the aspects  of  job des ign that  have been ident i f ied by 
mot ivat ional  and act ion- theoret ica l  approaches.  The aspects  inc luded in  the 
work ing model  are scope of  act ion (named autonomy in  the job character is t ics  
model ) ,  var ie ty,  and completeness of  act ion (named hol is t ic  job in  the act ion-
regula t ion approach and task ident i ty in  the job character is t ics  model ) .  In  addi t ion,  
the impor tance of  soc ia l  suppor t  has been s t ressed by var ious approaches and 
th is  const ruct  is  a lso inc luded as a resource.  As for  the character is t ics  o f  the 
of f ice env ironment ,  cont ro l  over  the env i ronment ,  pr ivacy,  and comfor t  have been 
ident i f ied as resources in  the l i tera ture rev iew.  Thei r  inc lus ion in  the work ing 
model  as job resources is  in  l ine wi th  the act ion-regulat ion approach.  A l l  of  these 
const ructs  re fer  to regulat ion poss ib i l i t ies  and are therefore enabl ing ind iv idual  
regulat ion.  
 
The outcomes inc luded in  the model  are sat is fac t ion,  organisat ional  commitment ,  
heal th ,  ind iv idual  work per formance,  and soc ia l  re la t ions.  Whi le  soc ia l  suppor t  is  a 
s tandard e lement  in job des ign research,  outcomes on the in ter - ind iv idual  leve l  
have large ly  been neglected in research on phys ica l  workp lace and job des ign 
(Grant  e t  a l . ,  2010) .  There is  l imi ted negat ive ev idence of  workp lace openness 
ef fects  on in terpersonal  re lat ions.  Only recent ly soc ia l  re la t ions have been taken 
up in  job des ign research and theory (Grant  & Parker ,  2009;  K i lduf f  & Brass,  
2010) .  The focus of  these approaches is  on descr ip t ion of  how jobs are soc ia l ly 
embedded based on interdependence and interact ions among co-workers .  
In terpersonal  re la t ions may be regarded as a contextua l  per formance outcome and 
as such const i tu te an impor tant  extension of  cur rent  per formance measures.  The 
core of  soc ia l  re la t ions as contextua l  per formance outcome cons is ts  in  
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in terpersonal  c i t izenship  behav iours ,  i .e.  “behaviours  that  ass is t ,  suppor t ,  and 
develop organisat ion members through cooperat ive and fac i l i ta t ive ef for ts  that  go 
beyond expectat ions”  (Coleman & Borman,  2000 p.36) .  Soc ia l  env i ronment  
outcomes are therefore in tegrated in the research for  exp lorat ive purposes and the 
dependence of  work c l imate and soc ia l  s t ress on of f ice des ign parameters  is  
analysed in  the f i rs t  s tudy.  
 
 
 
Figure 22. Working model for the analysis of  off ice work 
A l imi tat ion of  the work ing model  (and the theoret ica l  f rameworks which  forms i ts  
bas is)  is  the d isregard of  person-var iab les such as ind iv idual  preferences,  
personal  taste ,  or  ind iv idual  d ispos i t ions.  The reason for  th is  d isregard may be the 
l imi ted theoret ica l  and pract ica l  va lue:  S i tuat ional  in f luences may -  on the average 
-  be s t ronger  than ind iv idual  fac tors  for  changes  in  the focused outcomes ( re lat ive 
to  a basel ine that  may be s t rongly in f luenced by person-re la ted var iab les) .  
Addi t iona l ly ,  the work env i ronment  can be a l tered more eas i ly than the nature of  
the employees.  However ,  for  the fac i l i ty  manager  and the human resource 
manager  i t  is  impor tant  to  know whether  react ions to  changes in  of f ice 
env i ronments  are based on ef fects  o f  des ign or  have the i r  causes in ind iv idual  
preferences.  
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9. Study 1: Effects of change in physical office 
environments 
The focus of  the f i rs t  s tudy is  the ident i f ica t ion o f  of f ice  users ’  percept ions and 
react ions that  are changed as a consequence of  change in o f f ice des ign.  For  th is  
analys is  longi tud ina l  data f rom 4 of f ice change pro jects  are analysed and set  in 
re la t ion to a cont ro l  group.  Fur thermore,  e f fect  s izes of  the changes in  percept ions 
and react ions are analysed.  Addi t iona l ly to the longi tud ina l  analyses,  data f rom 
both,  pre-change and post -change surveys are used for  the exp lorat ion of  
re la t ionships between percept ions of  of f ice env i ronments and employees ’  
react ions.  
Act ion regulat ion theory emphasises the ro le  of  the perce ived env i ronment  for  the 
regulat ion of  ind iv idual  act ion.  Therefore,  percept ions of  the env i ronment  are 
focussed in th is  s tudy.  
Th is  s tudy is  comparable  to prev ious longi tud ina l  s tud ies (Brennan et  a l . ,  2002;  
Oldham, 1988;  Oldham & Brass,  1979;  Sundst rom et  a l . ,  1994;  Zalesny & Farace,  
1987)  but  conducted in a  d i f ferent  env i ronment .  Apar t  f rom d i f ferences in  the 
geographica l  and cu l tura l  set t ing,  contemporary o f f ice s t ructures in Swi tzer land 
are d i f ferent  f rom the open-space of f ices analysed in  the Nor th Amer ican s tud ies.  
L ike in  other  European countr ies ,  Swi tzer land’s  most  preva lent  of f ice type is  the 
ce l lu lar  ( ind iv idual  or  group)  o f f ice (Van Meel ,  2000) .  Only recent ly open of f ice 
env i ronments  have been implemented;  usual ly as some form of  mul t i -space of f ice 
(see footnote 1 ,  p .17)  ra ther  than cubic le- type open-p lan of f ices.  
Fur thermore,  informat ion and communicat ion technology today p lays a more 
cent ra l  ro le in  o f f ice work  than at  the t ime of  the few longi tud ina l  s tud ies 
documented in  l i te rature.  Th is  s tudy,  therefore,  extents  ava i lab le  ev idence on the 
ef fects  of  contemporary o f f ice des ign on of f ice users  on three d imensions:  (a)  the 
soc io-geographica l  area and cu l tural  context ,  (b)  the technolog ica l  env i ronment  
and work condi t ions of  the 21s t  century,  and (c)  contemporary forms of  o f f ice 
des ign,  such as the mul t i -space of f ice.  
9.1. Aim and research questions 
Based on the avai lab le  ev idence three c lasses of  factors  are re levant  for  act ion-
regulat ion.  These c lasses cons is t  of  env i ronmenta l ,  job- re la ted,  and soc ia l  
in f luences.  Accord ing to  the job-demands resources model ,  a l l  o f  the elements in  
these c lasses may e i ther  be demands or resources for  the job incumbents .  
However ,  l i t t le  is  known about  the re la t ive impor tance of  d i f ferent  inf luenc ing 
factors  and the i r  combined ef fects .  Th is  research focuses on the ef fects  o f  the 
phys ica l  and soc io-spat ia l  o f f ice env i ronment  whi le  tak ing in to  account  the 
in f luences f rom the soc ia l  and job des ign env i ronment .  
 
The a im of  the s tudy is  twofo ld .  The f i rs t  a im cons is ts  in the analys is  o f  e f fects  of  
in tervent ions in o f f ice env i ronments  on of f ice users ’  percept ions and react ions.  I t  
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is  assumed that  job character is t ics  remain unchanged by in tervent ions in  the 
of f ice env ironments .  However ,  percept ions and assessments o f  the of f ice 
env i ronmenta l  character is t ics  (env i ronmenta l  s t ressors ,  l ight ing,  indoor  c l imate,  
workp lace appropr ia teness,  work and s torage spaces,  workspace qual i ty,  
d is t ract ions,  no ise,  pr ivacy,  crowding,  and cont ro l )  are expected to change.  The 
goal  o f  th is  s tudy is  the ident i f icat ion of  e f fects  o f  of f ice env i ronments  on of f ice 
users ’  percept ions and user  leve l  outcomes.  The research a ims at  ident i fy ing 
d i rect ion and s ize of  such ef fects .  Fur thermore,  job character is t ics  are examined 
in  order  to detect  un intended changes between the two po in ts  o f  measurement .  
For  exp loratory purposes,  soc ia l  env i ronment  outcomes are inc luded in the 
analyses.  Spec i f ica l ly the in f luence of  o f f ice des ign on work c l imate and soc ia l  
s t ress is  examined.  
Based on these research quest ions the fo l lowing hypotheses are formulated:  
Hypothes is  1a :  Employees in  the exper imenta l  groups wi l l  repor t  changes 
in  perce ived character is t ics  of  the of f ice env ironment  between t ime 1 (pre-
change)  and t ime 2 (post -change) .  
Hypothes is  1b :  Employees in  the cont ro l  group wi l l  not  repor t  changes in  
perce ived character is t ics  of  the of f ice env i ronment  between t ime 1 (pre-
change)  and t ime 2 (post -change) .  
Hypothes is  1c :  Employees in  the exper imenta l  groups wi l l  not  repor t  
changes in  job character is t ics  between t ime 1 (pre-change)  and t ime 2 
(post -change) .  
Hypothes is  1d :  Employees in  the cont ro l  group wi l l  not  repor t  changes in  
job character is t ics  between t ime 1 (pre-change)  and t ime 2 (post -change) .  
 
I t  i s  assumed that  perceived of f ice character is t ics  have an impact  on job 
sat is fact ion,  env i ronmenta l  sat is fact ion,  organisat ional  commitment ,  heal th ,  and 
ind iv idual  work per formance.  Spec i f ica l ly,  the fo l lowing set  o f  hypotheses is  
formulated:  
Hypothes is  2a :  Changes in the perce ived of f ice env i ronment  between t ime 
1 and t ime 2 as repor ted by employees in  the exper imenta l  groups wi l l  be 
accompanied by changes in job sat is fact ion.  
Hypothes is  2b :  Changes in the perce ived of f ice env i ronment  between t ime 
1 and t ime 2 as repor ted by employees in  the exper imenta l  groups wi l l  be 
accompanied by changes in env i ronmenta l  sat is fact ion.  
Hypothes is  2c :  Changes in the perce ived of f ice env i ronment  between t ime 
1 and t ime 2 as repor ted by employees in  the exper imenta l  groups wi l l  be 
accompanied by changes in organisat ional  commitment .  
Hypothes is  2d :  Changes in the perce ived of f ice env i ronment  between t ime 
1 and t ime 2 as repor ted by employees in  the exper imenta l  groups wi l l  be 
accompanied by changes in heal th.  
Hypothes is  2e :  Changes in the perce ived of f ice env i ronment  between t ime 
1 and t ime 2 as repor ted by employees in  the exper imenta l  groups wi l l  be 
accompanied by changes in ind iv idual  work per formance.  
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There is  on ly l i t t le  research on in f luences of  of f ice des ign on the soc ia l  
env i ronment  and resu l ts  are equivocal .  However ,  dens i ty seems to be re la ted wi th  
undes i rab le  consequences.  Therefore negat ive ef fects  of  changes in  the of f ice 
env i ronment  ( i .e .  increase of  soc ia l  dens i ty)  on soc ia l  var iab les are expected.  
Hypothes is  3 :  Employees in the exper imenta l  groups wi l l  repor t  more 
negat ive percept ions of  the soc ia l  env i ronment  (work c l imate and soc ia l  
s t ress)  between t ime 1 and t ime 2.  
 
 
The second a im of  the s tudy cons is ts  in the extens ion of  the analys is  o f  changes 
wi th in  var iab les to causal  re la t ionships.  Changes in  the in f luenc ing env i ronmenta l  
and the outcome var iables are re lated to each other  whi le  cont ro l l ing for  job 
character is t ics .  The goal  o f  these analyses is  the ident i f icat ion of  inf luences of  job 
and of f ice env i ronment  character is t ics  on sat is fact ion,  organisat ional  commitment ,  
heal th ,  and ind iv idual  job per formance.   
The genera l  research quest ion for  these analyses cons is t  in  the extent  to which 
env i ronmenta l  character is t ics  cont r ibute to addi t ional  var iance explanat ion for  job 
sat is fact ion,  organisat ional  commitment,  heal th ,  and per formance in  re la t ion to  
known in f luence factors  ( i .e .  job character is t ics) .  Fur thermore the contr ibut ion to 
var iance exp lanat ion for  env i ronmenta l  sat is fact ion by job character is t ics  is  
analysed.   
Hypotheses are formulated on the bas is  of  the theoret ica l  model  and the l i tera ture 
rev iew (Chapters  5-8,  summar ised in  Table 1) .  In  th is  rev iew the ev idence 
regard ing the re la t ionship  between the des ign of  o f f ice env i ronments and 
organisat ional  commitment  was inconc lus ive.  Therefore no hypotheses can be 
formulated for  th is  outcome.  The hypotheses for  the other  outcomes are 
formulated as fo l lows:  
Hypothes is  4 :  Perce ived of f ice no ise wi l l  have a negat ive in f luence on (4a)  
job sat is fac t ion,  (4b)  env i ronmenta l  sat is fact ion,  and (4c)  ind iv idual  
per formance.  
Hypothes is  5 :  The assessment  of  indoor  c l imate wi l l  exp la in  var iance in 
(5a)  env i ronmenta l  sat is fact ion,  (5b)  hea l th,  and (5c)  ind iv idual  
per formance.  
Hypothes is  6 :  The assessment  of  l ight ing wi l l  exp la in  var iance in  (6a)  
env i ronmenta l  sat is fact ion,  (6b)  job sat is fact ion,  (6c)  heal th ,  and (6d)  
ind iv idual  per formance.  
Hypothes is  7 :  Cont ro l  over  the ind iv idual  work env i ronment  in  the of f ice wi l l  
increase (7a)  job sat is fact ion and (7b)  ind iv idual  per formance.  
Hypothes is  8 :  Soc ia l  dens i ty wi l l  reduce (8a)  job sat is fac t ion,  (8b)  
env i ronmenta l  sat is fact ion and (8c)  ind iv idual  per formance.  
Hypothes is  9 :  The assessment  of  perce ived pr ivacy wi l l  exp la in  var iance in  
(9a)  job sat is fact ion and (9b)  env i ronmenta l  sat is fact ion.  
Hypothes is  10 :  D is t ract ion wi l l  have a negat ive impact  on (10a)  job 
sat is fact ion,  (10b)  env i ronmenta l  sat is fact ion and (10c)  ind iv idual  
per formance.  
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Hypothes is  11 :  Crowding wi l l  have a negat ive impact  on (11a)  job 
sat is fact ion,  (11b)  env i ronmenta l  sat is fact ion,  (11c)  heal th ,  and (11d)  
ind iv idual  per formance.  
Hypothes is  12 :  workp lace appropr ia teness wi l l  have a pos i t ive impact  on 
(12a)  job sat is fact ion,  (12b)  env i ronmenta l  sat is fact ion,  (12c)  heal th ,  and 
(12d)  ind iv idual  per formance.  
Hypothes is  13 :  workspace qual i ty wi l l  have a pos i t ive impact  on (13a)  job 
sat is fact ion,  (13b)  env i ronmenta l  sat is fact ion,  (13c)  heal th ,  and (13d)  
ind iv idual  per formance.  
 
 
Taken together ,  the analyses re la ted to the two a ims of  the s tudy wi l l  resu l t  in  
ev idence on the d i rect ion and s ize of  of f ice env i ronmenta l  in f luences on of f ice 
users and prov ide informat ion which e lements  o f  of f ice env i ronments  can be 
cons idered as demands and which as resources.  In order  to  ach ieve these goals ,  
ins t ruments  for  the measurement  of  the re levant  var iab les are researched in  the 
l i terature.  The psychometr ic  qual i ty o f  these measurements is  examined,  in order  
to  have a sound methodology for  the two s tud ies.  
9.2. Method 
9.2.1. Research design 
A longi tud ina l  quas i -exper imenta l  research des ign wi th  a  cont ro l  group was 
employed for  the f i rs t  s tudy.  The choice of  th is  des ign is  based on the fo l lowing 
arguments.  The f i rs t  s tudy on ef fects  of  of f ice and job des ign on of f ice users  is  
s i tuated in complex rea l  wor ld  set t ings.  In the i r  da i ly work  contexts  employees are 
in f luenced by factors  that  have l i t t le  or  no re lat ion to o f f ice des ign (e .g.  team 
st ructure,  management ,  and work load)  and therefore are cons idered as 
confounding factors .  Studying of f ice users  in  cont ro l led condi t ions in  laboratory 
s i tuat ions,  however ,  severe ly weakens the va l id i ty and genera l izab i l i ty  o f  the 
f ind ings.  The removal  of  any potent ia l  env i ronmenta l  factor  f rom i ts  natura l  
context  d is tor ts  the ecolog ica l  va l id i ty o f  the re la t ionships examined (G.  W. Evans,  
2001) .  In order  to  obta in  eco log ica l ly va l id  and thus more genera l izab le  ev idence 
therefore invest igat ions in  natura l  occupat ional  contexts  are preferab le .  However ,  
invest igat ions in  such env i ronments pose the prob lem of  l imi ted cont ro l  over  the 
condi t ions under  which data co l lec t ion is  carr ied out .  Subjects  par t ic ipat ing in the 
analyses cannot  be ass igned to d i f ferent  condi t ions randomly.  Thus,  in f luences of  
subject - re lated confounding factors  cannot  be e l iminated.  There is  a  need 
therefore to apply a  research des ign that  a l lows for  causal  conc lus ions under  
subopt imal  condi t ions ( i .e .  in f luences of  potent ia l l y  many in tervening var iab les,  
not  equiva lent  research and cont ro l  groups 12) .  A research approach that  at tempts 
to  prov ide a so lu t ion to  these prob lems is  the quas i -exper imenta l  des ign (T .  D.  
                                                          
12 No t  equ iva len t  research  and  con t ro l  g roups  re fe r  to  the  p rob lem tha t  members  o f  the  
g roups  may d i f f e r  i n  spec i f i c  a t t r i bu tes  and  th i s  d i f fe rence  has  to  be  accep ted  because the  
compos i t i on  o f  the  g roups  canno t  be  con t ro l l ed .  
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Cook,  Campbel l  & Peracchio ,  1990;  Grant  & Wal l ,  2009;  Shadish,  Cook & 
Campbel l ,  2002) :  Ins tead of  t ry ing to  cont rol  the threats  to  va l id i ty pr ior  to  data 
co l lec t ion (as is  the case in  exper imenta l  research des igns) ,  quas i -exper imenta l  
des igns are const ructed in  a  way that  a l lows the e l iminat ion of  threats  to va l id i ty 
a f ter  data have been col lec ted,  e.g .  by in t roduc ing addi t iona l  cont ro l  groups,  
var iab les or  measurements .  Compared to exper imenta l  research the va l id i ty o f  
quas i -exper imenta l  research is  more vu lnerable due to  the l imi ted cont ro l  over  the 
research condi t ions ment ioned above.  
 
Ef fects  o f  o f f ice des ign on of f ice users  become ev ident  when of f ice env ironments  
are changed.  Natura l ly occurr ing quas i -exper iments  permit  the analys is  o f  e f fects  
o f  of f ice env i ronment  changes a lone.  When of f ice env i ronments  in an organisat ion 
are changed,  most  other  fac tors  that  potent ia l ly  a f fect  o f f ice users ’  react ions 
remain constant  (e.g .  task content ,  organisat iona l  s t ructure,  team composi t ion) .  
Thus,  wi th  natura l ly occurr ing quas i-exper iments  the causal  in f luence of  of f ice 
des ign can be invest igated when pre-  and post -change data are co l lected in  a 
longi tud ina l  research des ign (Shadish et  a l . ,  2002) .  
 
Due to the emot ional  ef fects  o f  of f ice change,  the choice measurements interva l  is  
impor tant .  Change processes and react ions to change in  organisat ions are 
supposed to fo l low a “change curve” .  Models  of  change processes postula te  a 
phase of  reduced product iv i ty combined wi th  res is tance and fee l ings of  depress ion 
and f rus t ra t ion (somet imes ca l led the va l ley o f  despai r  or  “death va l ley o f  change” ,  
E l rod I I  & T ippet t ,  2002)  before change is  accepted,  coped wi th ,  and more pos i t ive 
fee l ings and forces develop that  f inal ly lead to new stab le  s ta tes.  These models  o f  
change processes,  however ,  have not  been tested empir ica l ly and i t  is  not  c lear  
whether  the processes are s imi lar  and synchronous for  a l l  groups invo lved in  
change processes.  
Among the longi tud ina l  s tud ies of  of f ice des ign ef fects ,  two use repeated post -
change measurements:  Oldham & Brass (1979)  measured user  assessment  o f  the i r  
o f f ice env i ronment  before change as wel l  as  n ine and e ighteen weeks af ter  the 
change respect ive ly.  There were no s ign i f icant  d i f ferences between the two post -
change surveys.  In  a longi tud ina l  s tudy,  Brennan et  a l .  (2002)  co l lec ted data four  
weeks and s ix  months af ter  o f f ice re locat ion.  The compar isons between the two 
waves of  post  change data co l lec t ion d id  not  reveal  any s ign i f icant  d i f ferences 
e i ther .  Accord ing to th is  empi r ica l  ev idence we can tentat ive ly conc lude that  user  
assessments  af ter  of f ice env i ronment  change are s tab le  a l ready af ter  a per iod of  
four  to n ine weeks.  The in f luence and ef fect  of  change processes according ly do 
not  seem to extend over  a longer  per iod of  t ime af ter  a  change has been 
completed.   
 
The des ign of  the f i rs t  s tudy a l lows d i f ferent  compar isons of  groups (F igure 23) .  
(1 . )  Data f rom the pre-move survey can be used to check the equiva lence of  the 
exper imenta l  and the cont ro l  group.  (2 . )  Data f rom the post -move survey can be 
used to per form a manipula t ion check.  Th is  check should reveal  d i f ferences in pre-  
and post -move data for  the exper imenta l  group but  not  for  the cont ro l  group.  
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Figure 23. Research design of f irst  study 
A successful  manipu la t ion check is  a  s t rong indicator  for  causal  in terpretat ion of  
long i tud ina l  compar isons of  wi th in  the exper imenta l  group.  (3 . )  With in-subjects  
longi tud ina l  compar isons can be carr ied out  wi th  pre-  and post -move data f rom 
subjects  that  par t ic ipated in  both waves of  data co l lec t ion.  (4 . )  Pre-  and post-
move samples do not  conta in  exact ly the same persons.  Data f rom both po in ts  in 
t ime can be used for  between-groups longi tud ina l  compar isons.  (5 . )  Data f rom 
e i ther  data co l lec t ion wave can be used to analyse the re lat ionships between 
var iab les.  Models  o f  s ize and d i rect ion of  re lat ionships between var iab les can be 
analysed,  inc lud ing models  o f  reverse causat ion.  
9.2.2. Sample and data collection 
Six organisat ions or  organisat ional  un i ts  of  d i f ferent  s ize,  bus iness,  and wi th  
d i f ferent  o f f ice  concepts  par t ic ipated in  the research.  One addi t ional  
organisat ional  un i t  in  a d i f ferent  organisat ion where no change of  o f f ice 
env i ronments took p lace served as the cont ro l  group.  
The sample of  organisat ions can be character ised as a convenience sample 
(Robson,  2011) .  Severa l  organisat ions in  which of f ice env ironment  re lated change 
was about  to  happen in the German speak ing par t  o f  Swi tzer land were  asked to 
par t ic ipate.  S ix  organisat ions vo lunteered to do so (see Table 2) .  An addi t ional  
organisat ion that  d id not  p lan any of f ice re la ted changes vo lunteered as cont ro l  
group.  One organisat ion f rom the publ ic  admin is t rat ion sector  had a l ready 
completed the change at  the t ime of  the data col lec t ion.  Th is  organisat ion was 
inc luded in  the sample because of  the number  o f  employee data that  could  be 
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co l lec ted for  model l ing the ef fec ts  o f  the of f ice env i ronment  on the outcomes.  In  
one f inanc ia l  serv ices company the post -change data could  not  be co l lec ted due to  
reasons interna l  to  th is  organisat ion.  Data f rom th is  organisat ion is  used for  the 
analyses of  re la t ionships between var iab les.  
Table 2.  List  of  part icipant organisations in f irst  study 
Organisat ion Sector Change Note 
A Real  estate agency Relocat ion and 
cent ra l isat ion (2 to 1)  
 
B F inanc ia l  serv ices Relocat ion of  depar tments  
wi th in  same locat ion 
 
C Technology Relocat ion  
D Fashion and 
accessor ies 
New of f ice  layout  in  same 
bui ld ing 
 
E Publ ic  
Admin is t ra t ion 
Relocat ion and 
cent ra l isat ion (8 to 1)  
Only post -
change data 
F F inanc ia l  serv ices Relocat ion Only pre-
change data 
Contro l  F inanc ia l  Serv ices No change  
 
The par t ic ipat ing organisat ions and the i r  employees requested and were  assured 
of  conf ident ia l i ty .  Therefore,  deta i led in format ion of  the organisat ions and the 
of f ice des igns ( layout  p lans,  photographs)  cannot  be repor ted13.  
Organisat ion A is  a  Swiss rea l  estate  agency wi th  around 390 employees.  I ts  
serv ices inc lude rea l  esta te management ,  tenancy management ,  bu i ld ing 
management ,  t rade and consul t ing.  Organisat ion A has of f ices in the largest  Swiss 
c i t ies .  The change in  organisat ion A cons is ted in  the co- locat ion of  employees 
f rom two bu i ld ings wi th  around 120 and 70 employees to  a new locat ion.  
Organisat ion B is  an internat ional  IT- inf rast ructure management  company for  the 
f inanc ia l  serv ices indust ry.  Th is  organisat ion employs over  2 ’000 persons in  
Swi tzer land.  The par t ic ipants  in the s tudy are located in the Zür ich headquar ters .  
The change cons is ts  in  re locat ion of  departments  wi th in  the same bui ld ing and the 
in t roduct ion of  a  new mul t i -space of f ice des ign.  
Organisat ion C is  a technology un i t  o f  an internat iona l  indust ry company.  The 
company has over  5 ’000 employees in  Swi tzer land.  The un i t  that  par t ic ipated in 
th is  s tudy is  a  loca l  branch of f ice (around 130 persons) .  The change cons is ts  in 
the move f rom an out -dated of f ice bu i ld ing of  the 1970ies to  a  new mul t i -space 
of f ice  in the same reg ion,  about  3 k i lometres away.  
Organisat ion D is  a wholesa le  un i t  o f  an in ternat ional  fash ion and accessor ies 
company.  The un i t  s tud ied cons is ts  o f  around 30 employees.  The change in  the 
of f ice env ironment  is  a change in  the of f ice layout  in the same bui ld ing.  
                                                          
13 Whi le  th i s  i s  a  l im i ta t i on  compared  to  s tandards  o f  repor t i ng  sc ien t i f i c  s tud ies ,  i t  a l so  
i l l us t ra tes  cond i t i ons  in  conduc t ing  independen t  research  in  the  doma in  o f  o f f i ce  des ign  
(see  a lso  My lonas  &  Cars ta i rs ,  2007)  and  i l l us t ra tes  o rgan isa t ions ’  res t ra in t  and  cau t ion  in  
commun ica t ion  regard ing  organ isa t i ona l  workp lace  management .  
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Organisat ion E is  an organisat ional  un i t  o f  the admin is t ra t ion of  the Canton of  
Zür ich14.  The un i t  has around 700 employees.  For  th is  organisat ion on ly post -
change data are ava i lable  because the change,  a  re locat ion and cent ra l isat ion,  
had a l ready been terminated at  the t ime of  data co l lec t ion.   
Organisat ion F is  a g lobal ly act ive f inanc ia l  serv ices company wi th  headquar ters  
in  the c i ty-cent re  of  Zür ich and over  11 ’000 employees (about  3 ’500 in  
Swi tzer land) .  For  th is  organisat ion,  on ly pre-change data could be co l lec ted.  
Table 3.  Overview of the off ice structures (social  density)  in the 
part icipating organisations before and after change 
 Organisat ion  A B C D E F Control  Overal l  
total  
B
e
fo
re
 
ch
a
n
g
e
 
Mean 2.3 10.6 5.0 3.3  -  5 .4  4 .8  6 .4  
Median 2 7 4 3 -  4  4  4 
Standard 
dev ia t ion 
1.2  11.7 4.9 1 .2  -  5 .8  4 .2  8 .4  
Min imum 1 1 1 1 -  2  1  1 
Maximum 6 60 30 6 -  35 22 60 
A
ft
e
r 
ch
a
n
ge
 
Mean 48.6 65.0 23.1 27.9 37.5 -  4 .7  37.8 
Median 35 60 20 32 45 -  4  40 
Standard 
dev ia t ion 
39.6 45.3 15.8 8.6 19.4 -  4 .2  32.0 
Min imum 2 1 1 9 1 -  1  1  
Maximum 100 160 55 34 81 -  20 160 
m2 f loor  
space per  
workspace 
8.5 6 .7  10.6 10.4 9 .2  -  9 .0   
Rat io  of  
soc ia l  
dens i ty 
post /pre 
Median 15.0 8.3 5 .6  9 .3    1 .0   
Mean 27.9 14.8 8.4 10.2   1 .0   
Standard 
dev ia t ion 
28.8 23.9 8.9 6 .3    .29  
 
 
A l l  s ix  organisat ions in  the exper imenta l  group changed thei r  of f ice concepts  f rom 
smal l  group of f ices (average 4 persons per  o f f ice room) to openly s t ructured 
of f ices (average 38 persons per  room).  In  four  cases the change inc luded 
re locat ions;  in  two cases the change inc luded cent ra l isat ion (see Table 4 for  an 
overv iew of  the sample and Table 3  for  an overv iew of  o f f ice s t ructures) .  The 
par t ic ipat ing organisat ions dec lared that  the changes of  of f ice concepts  were not  
re la ted to o ther  organisat ional  changes.  Table 4  shows the descr ip t ion of  the 
samples.  The tota l  number  o f  par t ic ipants  is  568 for  the pre-move survey and 682 
for  the post -move survey.  The longi tud ina l  sample ( i .e .  sample of  sub jects  who 
par t ic ipated in  both waves of  data co l lec t ion)  conta ins 260 par t ic ipants .  
 
A l l  of  the changes in  of f ice s t ructures were s imi lar .  Of f ice s t ructures were 
changed f rom smal l  group ce l l  of f ices to  open s t ructured of f ices.  The magni tude of  
the change in  the of f ice s t ructures can be descr ibed us ing the post /pre change 
rat io o f  soc ia l  dens i ty (Table 3) .  The median values for  th is  rat io  range f rom 5.6 to  
                                                          
14 Can tons  o f  Swi t ze r l and  are  the  member  s ta tes  o f  the  federa l  s ta te  o f  Swi t ze r land .  
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15,  i .e .  soc ia l  dens i ty va lues are increased roughly by factors  5 to  15 in  the new 
of f ice s t ructures.  
 
Table 4.  Descript ion of samples 
 Organisat ion A B C D E F Control  Total
B
e
fo
re
 c
h
a
ng
e
 
N  pre change 113  206  57  26  NA 33  133  568  
Age (mode)  31-35 36-40 36-40 NA  36-40 41-45 36-40 
Tenure 
(mode)  
3-4 5-6 5-6 1-2  10-15 5-6 5-6 
Female 73 
(65%)
73 
(28%)
9 
(12%)
17 
(65%)
 18 
(55%) 
15 
(12%) 
205 
(32%)
Male 40 
(35%)
189 
(72%)
67 
(88%)
9 
(35%)
 15 
(45%) 
117 
(88%) 
437 
(68%)
A
ft
e
r 
ch
a
n
ge
 
N  post  
change 
80  115 62 26  311 NA 88  682 
Age (mode)  36-40 36-40 41-45 NA 46-
50 
 41-45 41-45 
Tenure 
(mode)  
5-6 5-6 7-8 1-2 7-8  3-4 5-6 
Female 52 
(65%)
25 
(17%)
9 
(12%)
17 
(65%)
NA  15 
(16%) 
118 
(28%)
Male 28 
(35%)
119 
(83%)
67 
(88%)
9 
(35%)
NA  78 
(84%) 
301 
(72%)
 N 
longi tud ina l  
41 81 45 24   69 260 
 
 
In  a l l  cases the new s t ructures were implemented as mul t i -space of f ices.  Mul t i -
space of f ice descr ibes an of f ice type wi th  a  mixed s t ructure.  Employees  have 
personal  workstat ions and can use d i f ferent  spaces and rooms accord ing to the i r  
tasks and needs (e.g .  focus rooms,  conference and meet ing rooms,  espresso bars ,  
lounges) .  Workstat ion zones and other  zones are usual ly separated by non-
t ransparent  e lements such as shelves,  wal ls ,  or  serv ice po in ts  (pr int  and copy 
s tat ions) .  Ind iv idual  workstat ions are v isua l ly separated by panels  between desks 
fac ing each other  and 120cm h igh shelves ( three fo lders)  in the back.  
Arrangement  of  workstat ions is  e i ther  in b locks of  four  or  in pa i rs  wi th  layouts  wi th  
two opposi te  workstat ions or  two workstat ions ar ranged in a  Z- layout .  F igure 24 
shows an example of  a mul t i -space layout  par t  wi th  workstat ions ar ranged in  a Z-
layout .  Desks in th is  o f f ice are ad justab le  for  he ight .  The shelves ad jacent  to the 
desks are about  85cm ( two fo lders)  h igh;  the shelves in the back of  the 
worksta t ions are about  120cm ( three fo lders)  h igh.  The example shows meet ing 
and conference rooms of  d i f ferent  s izes and f ive focus rooms.  The bench in  the 
upper  r ight  par t  o f  F igure 24 is  for  pro ject  team’s use or  used as touch-down 
workspace.  
 
F igure 25 shows a par t  o f  mul t i -space layout  wi th  b lock and pa i r  wise 
ar rangements o f  workspaces.  Integrated in the zone is  a  smal l  meet ing room wi th  
g lass wal ls  on two s ides.  Fur thermore,  there is  a  meet ing tab le  in tegrated in the 
workstat ion zone.  A l l  she lves are about  120cm high ( three fo lders)  in  th is  of f ice.  
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Figure 24. Part  of  post-move mult i-space layout in organisation D 
Data co l lec t ion was carr ied out  us ing web-based surveys.  Subjects  are employees 
who exper ience changes in the i r  of f ice work env i ronment ,  most ly due to  
re locat ions.  Employees were inv i ted to par t ic ipate in web-based surveys  before 
they move to  new bui ld ings or  o f f ice des ign was changed.  A second wave of  data 
co l lec t ion was carr ied out  in each organisat ion af ter  the re locat ion/change.  The 
average response rate  in  both the pre-  and post -move survey is  53% (Table 6) .  
 
 
 
Figure 25. Part  of  post-move mult i-space layout in organisation B 
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The par t ic ipat ing organisat ions set  l imi ts  for  the length of  the quest ionnai re .  In 
order  to  s t ick  to  these l imi tat ions,  the quest ionnai re  was presented in d i f ferent  
vers ions in  the data co l lec t ion per  organisat ion (Table 5) .  Th is  procedure impl ies 
rest r ic t ions for  the number  of  sub jects  in the analyses but  a l lows for  d i f ferent  
combinat ions of  var iab les in  order  to  fu l ly exp lore the re lat ionships.  In some cases 
sca les that  had to be omi t ted due to  space rest r ic t ions were rep laced wi th  s ing le  
i tem measures (notab ly for  the outcome measure env i ronmenta l  sat is fact ion) .  The 
vers ions of  the quest ionnai re  d i f fer  in the i r  focus on inf luenc ing var iab les and 
dependent  var iab les.  Vers ion A inc ludes job character is t ics ,  workspace 
character is t ics ,  and soc ia l  s t ressors  as in f luenc ing factors  and job sat is fact ion,  
env i ronmenta l  sat is fact ion,  and ind iv idual  job per formance as outcome measures.  
Vers ion B focuses on env i ronmenta l  condi t ions and work load as in f luenc ing 
factors  and job sat is fac t ion,  env i ronmenta l  sat is fact ion,  organisat ional  
commitment ,  and heal th s ta tus as outcome var iab les.  The cruc ia l  var iab les 
pr ivacy,  job sat is fact ion,  and env ironmenta l  sat is fact ion are inc luded in both 
vers ions.  Vers ion C inc ludes job character is t ics ,  env i ronmental  character is t ics ,  
pr ivacy,  and job and env i ronmenta l  sat is fact ion.  Vers ion D integrates d i f ferent  
d imensions of  s t ressors ,  namely env i ronmenta l ,  soc ia l ,  and task-re lated s t ressors 
and incorporates workspace features and pr ivacy as in f luenc ing var iables.  I t  
conta ins job sat is fact ion,  env i ronmental  sat is fact ion,  organisat ional  commitment ,  
and heal th  s ta tus as outcome var iables.  
 
The surveys were admin is tered on l ine wi th  the except ion of  organisat ion A that  
ins is ted on a paper  vers ion of  the quest ionnai res.  The data qual i ty o f  on l ine and 
paper-and-penci l  surveys is  cons idered equiva lent  (Tuten,  Urban & Bosnjak,  
2002) .  Onl ine surveys may even lead to h igher  qual i ty data because th is  form 
prov ides a h igher  degree of  perce ived anonymi ty and thus the answers are less 
in f luenced by soc ia l  des i rab i l i ty  (Tuten et  a l . ,  2002) .  Reips (2002)  d iscusses 
context  ef fects  of  on l ine surveys and conc ludes that  on l ine-spec i f ic  sur face 
character is t ics  of  surveys (such as pop-up menus)  do not  seem to make a 
d i f ference as compared to  paper  vers ions.  There seems,  however ,  to  be an 
in f luence of  the presentat ion mode.  The presentat ion of  a l l  quest ions on one page 
(on l ine)  evokes d i f ferent  cogni t ive contexts  than the presentat ion of  groups of  
quest ions on mul t ip le  pages sequent ia l ly.  The quest ions were therefore grouped 
themat ica l ly  and presented on mul t ip le  pages.  Demographic  and cont ro l  var iab les 
were p laced at  the end of  the quest ionnai re  because they demand less cogni t ive 
e f for t .  At  the end of  the quest ionnaires par t ic ipants  had the oppor tun i ty to  add 
comments.  
 
Before the surveys s tar ted,  a l l  par t ic ipants  received E-mai l  conta in ing in format ion 
about  the pro ject ,  the data co l lec t ion procedure and the t imeframe of  the survey.  
In  order  to enhance the acceptance of  the surveys,  th is  le t ter  had been s igned by 
the responsib le  manager  in  the organisat ion and the research pro ject  manager .  
The on l ine surveys were  s tar ted wi th  personal ised e-mai l  inv i tat ions.  Th is  
guaranteed that  each par t ic ipant  cou ld  complete the quest ionnai re  on ly once.  The 
par t ic ipants  could suspend the complet ion of  the quest ionnai res.  Feedback about  
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the resu l ts  was g iven to  the par t ic ipants  by the managers wi th in  the par t ic ipat ing 
organisat ions.  
Table 5.  Overview over questionnaire versions 
Scale /  Const ruct  Sub-scales 
Quest ionnai re  vers ion 
A B C D 
Genera l  in format ion 
 
Job  t i t l e ,  educa t ion ,  age,  gender ,  j ob  
tenure ,  Degree  o f  employment ,  t ime  a t  
own  works ta t i on ,  soc ia l  dens i t y  
x  x  x  x  
Job character is t ics  Scope  o f  ac t ion   x   x   
 Va r ie ty   x   x   
 Ho l i s t i c  j ob   x   x   
 Soc ia l  suppor t   x   x   
 Co-opera t ion   x   x   
 Cogn i t i ve  demand  a t  work    x   x  
 Quan t i ta t i ve  ove r load a t  work    x   x  
 In te r rup t ions    x   x  
 In fo rmat ion  and  par t i c ipa t ion    x   x  
 Bene f i t s    x   x  
Rat ing of  work 
env i ronment  
Env i ronmenta l  s t ressors  
x    x  
 Work  and  s to rage  spaces  x    x  
 Workspace  qua l i t y  x    x  
 L igh t ing   x  x   
 Indoor  c l ima te   x  x   
 Workp lace  appropr ia teness   x  x   
Pr ivacy   x   x  
Cont ro l   x   x   
Of f ice no ise  x   x   
D is t rac t ion  x   x   
Crowding  x   x   
Preference for  
enc losed area 
 
x  x  x  x  
Job sat is fact ion Job  sa t i s fac t ion  x  x  x  x  
Env i ronmenta l  
sat is fact ion 
Work  a rea  sa t i s fac t i on  
x    x  
 Overa l l  env i ronmenta l  sa t i s fac t i on   x  x   
Soc ia l  c l imate Soc ia l  s t ressors  x   x   
 Re la t i ons  be tween  co l l eagues  x  x  x  x  
Job per formance Se l f -assessed  job  pe r fo rmance x   x   
 Se l f -assessed  job  pe r fo rmance based  on  
feedback  x   x   
Perce ived product iv i ty 
(s i tuat ional )  
 
x   x   
Heal th  symptoms   x   x  
Commitment    x   x  
Work c l imate   x   x  
 
 
Par t ic ipants  were guaranteed anonymi ty and conf ident ia l i ty  o f  data in both,  the 
in format ion mai l  and the inv i ta t ion to  par t ic ipate in  the survey.  Data have been 
access ib le on ly for  the research team.  
  126 
The pre-change survey took p lace s ix  to  four teen weeks before the change.  The 
post -change survey was conducted n ine to twenty- four  weeks af ter  the change.  
The t ime- lag between the two measurements ranges f rom f i f teen to th i r ty weeks.  
 
Table 6.  Response rates for both points of measurement 
Organisat ion A B C D E F Control   Total
Response rate 
pre-change 
113  
o f  
192  =   
59% 
206  
o f  
362  =  
60% 
57  o f  
137  =  
42% 
26  o f  
30  =  
87% 
NA 33  o f  
51  =  
65% 
133  o f  
291  =  
46% 
568  o f  
1063  =  
53% 
Response rate 
post -change 
80  o f  
165  =   
48% 
115  
o f  
169  =  
68% 
62  o f  
137  =  
45% 
26  o f  
30  =  
87% 
311  
o f  
497  =  
63% 
NA 88  o f  293  
=  30% 
682  o f  
1291  =  
53% 
Longi tud ina l  
sample 
41  81  45  24    69  260 
 
9.2.3. Statistical analysis 
Data analys is  was carr ied out  in  four  s teps.  F i rs t ,  the psychometr ic  qual i ty o f  the 
measures was analysed.  Second,  repeated-measures analyses of  covar iance 
(ANCOVA) were used in  order  to analyse the ef fects  of  in tervent ions in  o f f ice 
env i ronments  on of f ice users ’  percept ions and react ions.  Thi rd ,  c ross-sect ional  
h ierarch ica l  regress ion analyses were used for  the analys is  o f  re la t ionships 
between in f luenc ing and outcome var iab les.  Four th,  these analyses were 
complemented by longi tud ina l  h ierarch ica l  regress ion analyses.  The cross-
sect ional  regress ion analyses benef i t  f rom greater  sample s izes and are therefore 
capable of  ident i fy ing smal l  ef fects .  The longi tud ina l  regress ion analyses were 
used to conf i rm these resu l ts  and are cons idered as a s t rong argument  for  
causal i ty.  However ,  due to the smal ler  s ize of  the longi tud ina l  sample,  these 
analyses can on ly d iscover  medium to  large s ize ef fects  (Mi les & Shevl in ,  2001) .  
 
The f i rs t  s tep of  the s tat is t ica l  analyses cons is ts  in  the examinat ion of  const ruct  
va l id i ty,  in terna l  cons is tency,  and test - re test  re l iab i l i t y  (sect ion 9.2.5) .  
In  the second s tep,  long i tud ina l  compar isons of  means were  carr ied out  us ing 
repeated-measures ANCOVA. Repeated-measures ANCOVA a l low the combinat ion 
of  compar isons of  means of  measurements  per formed on the same subjects  
(wi th in-subject  compar ison)  wi th  compar isons between groups (e.g .  for  the 
compar ison of  exper imenta l  and cont ro l  groups)  (Twisk,  2008) .  Fur thermore,  
covar ia tes can be integrated in repeated-measures ANCOVA models  i .e .  var iab les 
that  are not  par t  o f  the main research focus but  are known to  have an inf luence on 
the dependent  var iab le  can be inc luded in  repeated-measures ANCOVAs as 
covar ia tes.  The ef fects  o f  covar iates are thus cont ro l led for  by th is  s tat is t ica l  
procedure.  The repeated-measures ANCOVAs were per formed us ing the repeated 
measures genera l  l inear  model  procedure of  IBM SPSS Stat is t ics  17.0.  
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In  addi t ion to  the s ign i f icance leve l  o f  the s tat is t ica l  analyses,  an est imate of  the 
ef fect  s ize is  prov ided.  Ef fect  s izes prov ide in format ion about  the meaningfu lness 
or  impor tance of  an ef fect  that  reaches beyond s ign i f icance of  a test  s tat is t ic .  
Ef fect  s izes are s tandard ised in format ion about  the magni tude of  observed ef fects  
based on the propor t ion of  exp la ined var iance (wi th in-subject  and/or  between 
group d i f ferences)  in re la t ion to  the tota l  var iance.  
Ef fect  s izes prov ide an ob ject ive measure of  the impor tance of  an ef fect  by 
quant i fy ing the s ize of  the d i f ference between groups.  Cohen’s  (1992)  wide ly 
accepted suggest ions descr ibe  
r  =  .10 as a smal l  ef fect  ( the ef fect  exp la ins 1% of  the tota l  var iance) ,  
r  =  .30 as a  medium ef fect  ( the ef fec t  exp la ins 9% of  the to ta l  var iance) ,  and 
r  =  .50 as a large ef fect  ( the ef fect  exp la ins 25% of  the to ta l  var iance) .  
These va lues correspond to par t ia l  e ta  square s tat is t ics  (η2 )  as  a s tandard ef fect  
s ize in analyses of  var iance.  Par t ia l  e ta squared is  the propor t ion of  the ef fect  
p lus er ror  var iance that  is  a t t r ibuted to the ef fec t  o f  in terest .  Th is  measure o f  
e f fec t  s ize is  recommended for  more complex factor ia l  and covar ia te des igns such 
as in  the present  s tudy (Tabachnick & F ide l l ,  2007) .  Par t ia l  e ta  squares descr ibe 
e f fect  s izes as fo l lows:   
η2  =  .01 a smal l  ef fect  
η2  =  .10 a medium ef fect  
η2  =  .25 a large ef fect .  
 
Ef fect  s izes prov ide addi t iona l  informat ion on the most  impor tant  aspect  o f  an 
in tervent ion – the magni tude of  i ts  consequences – as compared to i ts  s tat is t ica l  
s ign i f icance (which combines ef fect  s ize wi th  sample s ize) .  I t  is  therefore an 
impor tant  measure for  in terpret ing ef fect iveness of  intervent ions.  
 
The th i rd s tep cons is ts  in  cross-sect ional  regress ion analyses.  Wi th th is  type of  
s tat is t ica l  analys is ,  re la t ionships among var iables are analysed us ing data f rom 
one po in t  in t ime.  For  the analys is  o f  re la t ionships a l l  ava i lab le  data are used,  i .e .  
a lso data f rom organisat ions E and F (where e i ther  pre-  or  post -change data could 
not  be co l lec ted) .  The ra t ionale for  us ing a l l  data is  the en largement  o f  the dataset  
that  a l lows the detect ion of  smal ler  e f fects (as compared to the smal ler  
long i tud ina l  sample) .  Fur thermore,  the a im of  these analyses l ies  in the 
development  of  a  genera l  model  of  e f fects  of  of f ice env i ronmenta l  character is t ics  
on outcomes,  and not  of  a model  that  is  rest r ic ted to cer ta in  o f f ice typo log ies.  
Spec i f ica l ly,  the a im is  the ident i f icat ion of  demands and resources in  job and 
of f ice env ironments .   
 
Regress ion analyses are per formed in  order  to ident i fy the re la t ionships between 
job character is t ics  and the of f ice env i ronment  wi th  outcomes ( job sat is fact ion,  
env i ronmenta l  sat is fact ion,  organisat ional  commitment ,  heal th ,  ind iv idual  work 
per formance) .   
More spec i f ica l ly,  the degree to which character is t ics  of  the o f f ice env ironment  
cont r ibute to  addi t iona l  var iance exp lanat ion ( i .e .  in  addi t ion to known in f luence 
factors)  for  outcomes ( job sat is fac t ion,  commitment ,  heal th ,  per formance)  and the 
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degree to which job character is t ics  cont r ibute to  var iance explanat ion in  
env i ronmenta l  sat is fact ion.  
 
The s tat is t ica l  regress ion s t rategy for  these analyses is  a  h ierarch ica l  (or  
sequent ia l )  b lockwise ent ry s t rategy.  The goal  o f  regress ion analyses is  to  ident i fy 
a  set  of  va lues ( regress ion coef f ic ients)  for  pred ic tor  var iab les that  br ing the 
pred ic ted values of  dependent  var iab les (outcomes)  as c lose as poss ib le  to the 
va lues obta ined by measurement15.  Because predic tor  var iab les may corre la te ,  the 
sequence of  enter ing addi t iona l  pred ic tors  in the regress ion model  in order  to  
exp la in  more var iance in  the outcomes is  impor tant .  In  h ierarch ica l  regress ion 
pred ic tors  are se lected on the bas is  o f  pr ior  research.  Pred ic tors  known to 
in f luence cer ta in outcomes are entered in to the model  f i rs t  and in  order  of  the i r  
impor tance in  pred ic t ing the outcome.  Af ter  these predic tors  have been entered,  
fur ther  poss ib le  pred ic tors  are entered and i t  is  checked whether  they cont r ibute 
to  addi t ional  var iance explanat ion ( i .e .  a  more prec ise regress ion model ) .   
 
Assumpt ions of  regress ion analys is  were checked for  each analys is  and tests  for  
number  of  out l ie rs ,  mul t ico l l inear i ty16,  independence of  er ror  terms,  normal i ty,  
l inear i ty,  and homoscedast ic i ty17 of  res iduals  were inc luded in  the s ta t is t ica l  
procedures.  The analys is  of  res iduals  was inc luded because normal ly d is t r ibuted 
res iduals  ind icate that  a lso the ind iv idual  var iab les are normal ly d is t r ibuted 
(Tabachnick & F ide l l ,  2007,  p.  81f ) .  The resul ts  o f  the regress ion analyses d id not  
ind icate a dev ia t ion f rom the assumpt ion of  normal  d is t r ibut ion.  
 
The four th  s tep cons is ts  in  longi tud ina l  h ierarchica l  regress ion analyses .  Th is  set  
o f  analyses deals  wi th  re la t ionships among var iab les.  Whi le wi th  the repeated 
measures ANCOVAs the ef fects  o f  changing the of f ice env ironment  are analysed,  
the re la t ionships among var iab les is  analysed us ing longi tud ina l  regress ions.  Th is  
approach a ims at  estab l ish ing causal  models ,  i .e .  the examinat ion of  var iab les 
that  may account  for  group d i f ferences in  change over  t ime.  Spec i f ical l y,  the 
fo l lowing analyses examine the causal  in f luence of  of f ice env i ronment  var iab les on 
outcomes.  
In  order  to analyse causal  inf luences f rom env ironmenta l  fac tors  on outcomes,  
longi tud ina l  cross- lagged panel  regress ion models  are analysed (F igure 26) .  
Cross- lagged panel  analys is  requi res at  least  two var iab les measured at  two 
po in ts  in t ime.  S ix  corre la t ions can then be computed f rom these four  var iab les:  
two synchronous corre la t ions (var iab les are corre la ted at  the same poin t  in t ime) ,  
two autocorre la t ions (corre lat ion of  the same var iab le  across po ints  o f  t ime) ,  and 
two cross- lagged corre la t ions (corre la t ion of  two d i f ferent  var iab les across two 
                                                          
15 Regress ion  ana lyses  examine s ta t i s t i ca l  re la t i onsh ips  be tween  va r iab les  and  do  no t  
imp ly  tha t  these  re la t i onsh ips  a re  causa l .  Causa l i t y  i s  i n fe r red  on  the  bas is  o f  theory ,  l og i c  
and  research  des ign .   
16 Mu l t i co l l i near i t y  desc r ibes  the  s t reng th  o f  co r re la t i ons  be tween  p red ic to r  va r i ab les  in  
reg ress ion  mode ls .  H igh  co l l i nea r i t y  be tween  p red ic to rs  makes  imposs ib le  to  ob ta in  un ique 
es t imates  o f  the  reg ress ion  coe f f i c ien ts  because  there  i s  a  number  o f  combina t ions  o f  
coe f f i c ien ts  tha t  wou ld  work  s im i la r l y  we l l .  
17 Homoscedas t i c i t y  desc r ibes  the  degree  to  wh ich  the  res idua ls  a t  each  leve l  o f  t he  
p red ic to r  va r iab les  have s im i la r  va r i ances .  He te roscedas t i c i t y  weakens  reg ress ion  
ana lyses  (Tabachn ick  &  F ide l l ,  2007) .  
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po in ts  of  t ime) .  The ra t ionale for  cross- lagged panel  analyses is  that  compar isons 
of  the cross- lagged corre la t ions are ind icat ive of  the causal  pr ior i ty o f  the 
var iab les (Tar is ,  2000) .  I f  one cross- lagged corre la t ion is  s ign i f icant ly s t ronger  
than the second cross- lagged corre la t ion,  one could conc lude causal  pr ior i ty.  
However ,  cor re la t ions are not  suf f ic ient  for  the in terpreta t ion o f  causal i ty and may 
be mis leading,  e.g .  in the case where the var iab les measured are corre la ted to a  
th i rd var iab le  and where  cont ro l l ing for  th is  th i rd var iab le would render  
assoc ia t ions between the s tudy var iab les not  s ign i f icant  (Tar is ,  2000) .  
Fur thermore cross- lagged corre la t ions may be in f la ted by var iance in the var iab le 
measured at  t ime 2 that  is  due to the autocorre la t ion (A1-A2,  B1-B2)  or  to the 
cross-sect ional  cor re la t ion (A2-B2) .  
The current  recommendat ion for  cop ing wi th  these sources of  er ror  and est imat ing 
longi tud ina l  e f fects  is  the use of  h ierarch ica l  regress ion (Tar is ,  2000) .  These 
analyses examine i f  the change in of f ice des ign not  on ly a f fects  synchronous 
corre lat ions but  a lso the cross- lagged corre la t ion.  I f  a var iab le  is  ident i f ied as a 
causal  agent ,  regress ion weights  f rom the causal  var iab le on the outcome at  t ime 
2 should be s ign i f icant  at  both po ints  in t ime.  Us ing th is  approach cross-sect ional  
cor re lat ions can be analysed as corre la ted change and i t  can be shown that  the 
in tervent ion not  on ly a f fects  leve ls  o f  of f ice env i ronmenta l  var iab les but  a lso 
outcome var iab les.   
 
 
 
Figure 26. Cross-lagged panel design  
Ins tead of  us ing the d i f ference between prescore and postscore of  independent  
var iab les as measure,  Cohen,  Cohen,  West  & Aiken (2003)  suggest  to apply a  
model  for  regressed change.  Thei r  proposal  a ims at  reduc ing the ef fect  o f  the t ime 
1 leve l  of  the in f luenc ing var iab le.  To achieve th is  goal ,  the autocorre la t ion of  the 
in f luenc ing var iab le  between the two points  of  t ime is  par t ia led out  and changes in  
the outcome can be at t r ibuted to  the d i f ference between prescore and postscore.  
Hierarch ica l  regress ion analyses were conducted.  The regress ions took the 
fo l lowing form:  the f i rs t  b lock conta ins  the t ime 1 var iab le of  the dependent  
var iab le .  In the fo l lowing b lock,  cont ro l  var iab les were entered (e.g . ,  gender ,  age,  
job complex i ty,  job des ign) .  Demographic  var iables were s tat is t ica l ly cont ro l led 
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because they may af fect  wel l -be ing (Warr ,  1990)  and work per formance (T .  W. H.  
Ng & Feldman,  2008,  2010) .  Job des ign var iables were a lso inc luded as cont ro l  
var iab les because the ef fect  of  changes in  the of f ice env ironments  on the 
outcomes was in  the focus of  the analyses.  Therefore the we l l -documented ef fects  
o f  job des ign (see chapter  7)  were s tat is t ica l ly cont ro l led for .  
In  B lock 3 the t ime 1 independent  var iab les were entered and in  b lock 4 the t ime 2 
in f luenc ing var iab le  (F igure 26) .  
A s ign i f icant  re la t ionship  between the outcome and the in f luenc ing var iab le  in  
b lock 3 ind icates a lagged ef fect  of  the independent  var iab le  on change in  the 
outcome.  A s ign i f icant  re la t ionship  in  b lock 4 ind icates that  a  change in the 
in f luenc ing var iab le  is  assoc iated wi th  change in the outcome.  
9.2.4. Measures 
Despi te  decades of  research in o f f ice env i ronmenta l  qual i ty and ef fects  o f  o f f ice 
env i ronment  on of f ice users ,  none of  the inst ruments  (main ly quest ionnai res)  used 
in  th is  research became accepted as a s tandard or  has insp i red or  dominated 
research.  Quest ionnai re developments  (e.g .  J .  R.  Car lop io ,  1996;  Char les e t  a l . ,  
2003;  Stokols  & Schar f ,  1990;  V ischer ,  1989)  have not  been taken up by 
researchers.  At  present  no s tandards for  measur ing perce ived of f ice 
env i ronmenta l  qual i ty are estab l ished in  the research communi ty.  For  my research,  
therefore,  sca les measur ing of f ice users ’  assessments  and react ions f rom d i f ferent  
sources were compi led and used for  data co l lec t ion.  Quest ionnai res used for  the 
surveys were bu i l t  us ing sca les that  have proved usefu l  in  s imi lar  research.  Scales 
were used only i f  the interna l  cons istency (Cronbach’s  A lpha)  had been repor ted 
in  the or ig ina l  research repor ts .  Most  o f  the sca les used are 5 or  7 po in t  ra t ing 
sca les.  A deta i led descr ip t ion of  the sca les is  g iven in  the appendix .  A l l  sca les 
were recoded so pos i t ive va lues represent  pos i t ive assessments,  ra t ings,  
express ions of  sat is fact ion,  h igh comfort  e tcetera (see Table 7 for  an overv iew) .  
Job complex i ty was der ived f rom quest ionnai re in format ion on job t i t le .  Two 
exper ts  independent ly ra ted job complex i ty f rom th is  in format ion.  
Table 7.  Polarity of scales  
 
Scale Low values High values 
Jo
b
 c
h
ar
ac
te
ri
st
ic
s 
Scope of  act ion Low cont ro l ,  low 
degree of  autonomy,  
few dec is ion 
poss ib i l i t ies  
High cont ro l ,  h igh 
degree of  autonomy,  
many dec is ion 
poss ib i l i t ies  
Var ie ty  Few sk i l ls  and 
ab i l i t ies  requi red 
Many sk i l ls  and 
ab i l i t ies  requi red 
Hol is t ic  job Highly f ragmented job Own work is  c lear ly 
perce ived as 
cont r ibut ion to larger  
ent i ty,  e .g.  product  
Socia l  suppor t  Low soc ia l  suppor t  High soc ia l  suppor t  
Co-operat ion Few oppor tun i t ies  for  
co-operat ion 
Many oppor tun i t ies  for  
co-operat ion 
Cogni t ive demand at  work High qual i tat ive 
over load 
No qual i tat ive over load 
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Quant i ta t ive over load at  
work 
Strong t ime pressure 
or  h igh quant i tat ive 
over load 
No t ime pressure or  
quant i tat ive over load 
In format ion and 
par t ic ipat ion 
Insuf f ic ient  
in format ion and low 
par t ic ipat ion 
Suf f ic ient  informat ion 
and h igh par t ic ipat ion 
Benef i ts  Insuf f ic ient  
oppor tun i t ies  for  
development  and 
advancement  
Good oppor tun i t ies  for  
development  and 
advancement  
Job complex i ty  Very s imple job Very complex job 
O
ff
ic
e 
en
vi
ro
n
m
en
t 
Envi ronmenta l  s t ressors  Many env i ronmenta l  
s t ressors ,  inadequate 
env i ronment  
No env i ronmenta l  
s t ressors ,  adequate 
env i ronment  
Light ing Poor  l ight ing 
condi t ions 
Excel lent  l ight ing 
condi t ions 
Indoor  c l imate Poor  indoor  c l imate Excel lent  indoor  
c l imate 
Workplace appropr ia teness Inadequate 
workspace 
High ly adequate 
workspace 
Work and s torage space Not  enough work and 
s torage space 
Enough work and 
s torage space 
Workspace qual i ty  Inappropr iate  and 
unappeal ing  of f ice 
furn i ture 
High ly appropr ia te  and 
appeal ing of f ice 
furn i ture 
Dist ract ions Many audi tory and 
v isua l  d is t ract ions 
Few audi tory and v isua l  
d is t ract ions 
Off ice no ise Much d is turb ing no ise L i t t le  d is turb ing no ise 
Pr ivacy Low pr ivacy High pr ivacy 
Crowding High crowding s t ress Low crowding s t ress 
Contro l  Low cont ro l  over  own 
work ing env i ronment  
High cont ro l  over  own 
work ing env i ronment  
Preference for  enc losed 
area 
Preference for  open 
of f ice env ironment  
Preference for  
enc losed of f ice 
env i ronment  
o
u
tc
o
m
es
 
Job sat is fact ion Low job sat is fact ion High job sat is fact ion 
Work area sat is fact ion Low work area 
sat is fact ion 
High work area 
sat is fact ion 
Overa l l  env i ronmenta l  
sat is fact ion 
Low overa l l  
env i ronmenta l  
sat is fact ion 
High overa l l  
env i ronmenta l  
sat is fact ion 
Organisat ional  commitment  Low organisat ional  
commitment  
High organisat ional  
commitment  
Heal th  symptoms Bad heal th,  h igh 
f requency of  
psychosomat ic  
symptoms 
Good heal th,  low 
f requency of  
psychosomat ic  
symptoms 
Sel f -assessed job 
per formance  
Low per formance High per formance 
Sel f -assessed job 
per formance based on 
feedbacks 
Low per formance High per formance 
Si tuat ional  job per formance Low per formance High per formance 
Socia l  suppor t  (soc ia l  
c l imate)  
Low soc ia l  suppor t  High soc ia l  suppor t  
Psycholog ica l  c l imate Bad psycholog ica l  
c l imate 
Good psycholog ica l  
c l imate 
Socia l  s t ress (co l leagues)  Many soc ia l  s t ressors  
(co l leagues)  
Few soc ia l  s t ressors  
(co l leagues)  
Socia l  s t ress (superv isors)  Many soc ia l  s t ressors  
(superv isors)  
Few soc ia l  s t ressors  
(superv isors)  
 
  132 
9.2.4.1. Job Characteristics and office 
environment 
Screening of  work  character is t ics  was measured wi th  the shor t  quest ionnai re  for  
work analys is  (KFZA,  Prümper ,  Har tmannsgruber  & Frese,  1995) .  Th is  
quest ionnai re  conta ins  shor t  vers ions of  sca les f rom var ious German work 
analys is  ins t ruments developed on the bas is  o f  act ion-regulat ion theory .  I t  is  
composed of  24 i tems and inc ludes d imensions l is ted be low.  Par t ic ipants  respond 
on 5-po int -sca les ranging f rom “very  l i t t le ”  to  “very much”  or  “not  a t  a l l ”  to “very 
much so” .  
  Scope of  act ion  (cont ro l ,  autonomy)  was measured wi th  three i tems regard ing 
dec is ion poss ib i l i t ies  wi th  regard to procedures,  equipment ,  t ime f rame,  and 
sequence of  act ions (e .g .  “ I f  you cons ider  a l l  your  act iv i t ies,  to what  extent  
you can determine the i r  order  yourse l f?” ) .  
  Var ie ty  was measured wi th  three i tems regard ing the degree to which sk i l ls  
and abi l i t ies  can be appl ied for  deal ing wi th  work  tasks,  dec id ing,  and learn ing 
new th ings on the job (e .g .  “Genera l ly speak ing,  I  have f requent ly changing 
and var ied tasks at  my work. ” ) .  
  Hol is t ic  job  ( task ident i ty)  is  composed of  two i tems re fer r ing to the degree to  
wh ich own work is  perce ived as par t  of  a  product  as a  larger  ent i ty and the 
poss ib i l i ty  to  assess the own work per formance on the bas is  of  the own resu l ts  
(e .g.  “At  work  I  can see f rom the resu l ts  whether  or  not  my work is  good. ” ) .   
  Socia l  suppor t  is  measured wi th  three quest ions regard ing the degree to  which 
job incumbents  can re ly  on other  persons in  thei r  work  env i ronment .  Soc ia l  
suppor t  descr ibes the qual i ty o f  soc ia l  in teract ions wi th  co l leagues and 
superv isors  (e .g.  “ I  can re ly on my co l leagues,  i f  work  becomes d i f f icu l t . ” ) .   
  Co-operat ion  is  measured wi th  three i tems refer r ing to necess i t ies  and 
oppor tun i t ies  for  communicat ion,  co-operat ion,  and feedback at  work (e.g .  
“Work requires c lose co-operat ion wi th  o ther  people in  the organisat ion. ” ) .   
  Cogni t ive demand  is  composed of  two quest ions on cogni t ive over load caused 
by over tax ing in format ion process ing through over ly compl icated formulat ion of  
goals  (e.g .  “There are th ings in  th is  job which are too compl icated. ” ) .  Cogni t ive 
over load is  character ised by h igh demands on concent rat ion caused by the 
amount  of  in format ion that  must  be kept  in work ing memory.  
  Quant i ta t ive over load  is  measured us ing two i tems on pressure of  t ime and 
h igh work load (e .g.  “ I  have too much work. ” ) .  
  In ter rupt ions  are assessed v ia two i tems on regulat ion obstac les caused by 
organisat ional  prob lems leading to  the inabi l i ty  to  complete work tasks as 
p lanned (e .g .  “ I  am repeated ly in ter rupted (e.g.  by the te lephone)  when I  am 
t ry ing to  get  my work done. ” ) .  
  In format ion and par t ic ipat ion  is  composed of  two quest ions regard ing 
organisat ional  in format ion f lows and poss ib i l i t ies  to  par t ic ipate in change 
processes (e .g .  “ In  our  organisat ion we rece ive suf f ic ient  informat ion about  
impor tant  mat ters  and procedures. ” ) .  
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  Benef i ts  are measured wi th  two quest ions on compensat ion system,  chances 
for  promot ion,  and t ra in ing (e .g.  “Our  organisat ion of fers  good oppor tuni t ies  
for  profess ional  development . ” ) .  
  Envi ronmenta l  s t ressors  is  measured wi th  two i tems that  re la te  to  the phys ica l  
and technica l  work env i ronment  and refer  to s t ress induc ing sensory condi t ions 
such as no ise,  dust ,  temperature,  and l ight ing (e.g .  “ In  my workp lace,  the 
rooms and f i t t ings are inadequate. ” ) .  
 
Job complex i ty  was assessed by averaging exper ts ’  rat ings on two i tems.  The f i rs t  
i tem,  task complex i ty,  prov ides an overal l  assessment  o f  number  of  job e lements ,  
dec is ion necess i t ies ,  requi red sk i l l  leve l ,  and sophis t icat ion of  the job (Fr ied et  
a l . ,  2002;  Melamed et  a l . ,  2001) .  The second i tem,  in teract ion complex i ty,  
descr ibes regula t ion necess i t ies  wi th  respect  to complex re la t ionships to  people,  
inc lud ing leading teams (Jex,  Adams,  E lacqua & Bachrach,  2002) .  The i tems were 
assessed on a 4-po int -sca le  wi th  1  ind icat ing a very s imple job and 4 ind icat ing a 
very complex job.  
 
Socia l  s t ress  was measured us ing the shor t  form of  a sca le  measur ing soc ia l  
s t ressors  in the workp lace (Frese & Zapf ,  1987) .  Th is  vers ion of  the scale  cons is ts  
o f  ten i tems (e.g.  “My l ine manager  p lays us of f  against  each other . ” )  that  are 
responded to  on a 7-po in t  sca le  ranging f rom “yes,  very much so”  to  “no,  not  at  
a l l ” .  
 
Envi ronmenta l  features ra t ing  (EFR,  Char les et  a l . ,  2003;  Vei tch et  a l . ,  2002) ,  a 
set  o f  quest ions about  var ious aspects  of  the phys ica l  o f f ice env i ronment .  The 
EFR sca le is  based on prev ious ly va l idated rat ing sca les for  of f ice set t ings 
(Stokols  & Schar f ,  1990)  and has been appl ied and va l idated in severa l  s tud ies at  
the Inst i tute for  Research in  Const ruct ion ( IRC,  Nat ional  Research Counci l  
Canada)  (Newsham et  a l . ,  2009;  Newsham, Vei tch & Char les,  2008;  Vei tch et  a l . ,  
2007) .  I t  cons is ts  of  18 i tems ask ing for  ra t ings of  features of  the of f ice 
env i ronment  such as “Amount  of  l ight  for  computer  work”  or  “Temperature in  your  
work area” .  The or ig ina l  7-po in t -scale  end po in ts  “very unsat is factory”  and “very 
sat is factory”  were rep laced by “very  poor”  to “exce l lent ”  because there is  no 
adequate German t rans la t ion.  One i tem (EFR7) on the amount  of  no ise f rom other  
employee’s  conversat ions was exc luded f rom the sca le because perceived no ise 
was measured wi th  a  separate sca le.  
 
Fur ther  sca les for  data co l lec t ion on aspects o f  the of f ice env i ronment  were used:  
  Work and s torages spaces  are assessed by two i tems f rom (Brennan et  a l . ,  
2002)  regard ing the prov is ion of  s torage and sur face spaces at  the ind iv idual  
workspace (e.g.  “ I  have enough s torage space at  my workspace. ” ;  7-po in t -
sca le  range f rom “d isagree s t rongly”  to “agree s t rongly” ) .  
  Sat is fact ion wi th  s t i le  and qual i ty o f  of f ice furn i ture  and adequacy of  phys ica l  
env i ronment  for  work  tasks was measured us ing three i tems for  workspace 
qual i ty f rom Lee & Brand (2005)  such as “ I  l i ke the s ty le /qual i ty o f  my 
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furn i ture” .  The par t ic ipants  responded on a 7-poin t -sca le  ranging f rom 
“d isagree s t rongly”  to “agree s t rongly” .  
  V isual  and acoust ica l  dis t ract ions  were measured us ing three i tems f rom Lee & 
Brand (2005) ,  e .g.  “ I  exper ience audi tory d is t ract ions in  my work area” .  The 7-
po in t -sca le ranges f rom “yes,  a l l  the t ime”  to “no,  never” .  
  Subject ive assessment  o f  noise  in  the of f ice env i ronment  was measured us ing 
a sca le by Leather  et  a l .  (2002) .  On th is sca le employees are asked to g ive a 
ra t ing of  f ive  sources of  no ise (e .g.  te lephone ca l ls  of  co l leagues)  in terms of  
f requency wi th  which they d is turb the i r  concentra t ion (on a 7-po in t -sca le 
ranging f rom “does never  d is turb” to  “cont inuous ly d is turbs” ) .  
9.2.4.2. Attitudinal measures 
Pr ivacy  was measured us ing s ix  i tems f rom Oldham (1988)  that  represent  the two 
subscales task pr ivacy and communicat ion pr ivacy.  Task pr ivacy descr ibes the 
amount  to which employees can concent rate  on the i r  work.  A sample i tem is  “ I  am 
able  to concent ra te fu l ly  on my job wh i le  a t  work” .  Communicat ion pr ivacy is  the 
degree to which employees can ho ld  pr ivate and personal  conversat ions wi th  
co l leagues.  A sample i tem for  th is  sca le  is  “ I  can ta lk  wi th  my co-workers  in 
conf idence whi le  a t  my worksta t ion” .  The s ta tements  were ra ted on a 5-po in t -sca le 
ranging f rom “very inaccurate”  to  “very accurate” .  
The s ix  i tems taken f rom Oldham (1988)  were complemented wi th  an i tem taken 
f rom Zalesny & Farace (1987)  ( “Somet imes I ’m dis turbed by co l leagues who walk  
by my workp lace” ,  reverse coded) .  
 
Crowding  refers  to  employees ’  percept ion of  h igh soc ia l  dens i ty assoc ia ted wi th  a  
loss of  perce ived personal  cont ro l .  Crowding was measured us ing an index based 
on the average of  four  i tems such as “Employees must  work  too c lose ly together  in 
my work area” .  (May et  a l . ,  2005;  Oldham, 1988) .  Statements  were ra ted by the 
s tudy par t ic ipants  on a 7-po in t -sca le ranging f rom “d isagree s t rongly”  to  “agree 
s t rongly” .  
 
Contro l  over  the ind iv idual  work env i ronment  was operat ional ized wi th  f ive i tems 
taken f rom Lee & Brand (2005) .  Cont ro l  refers  to  the perceived ab i l i ty  to  in f luence 
the phys ica l  env i ronment  by ad just ing,  changing or  modi fy ing  parameters  o f  the 
phys ica l  env i ronment .  Statements  such as “ I  determine the 
organizat ion/appearance of  my work area”  are rated on a 7-po in t -sca le  ranging 
f rom “yes,  very much so”  to  “no,  not  a t  a l l ” .  
 
Two i tems measur ing the preference for  work ing in  an enc losed area  were adapted 
f rom Lee & Brand (2005) .  These i tems inc lude the preference for  iso la ted 
workspaces and the assessment  of  the degree to  which work is  more ef fect ive in  
an iso la ted workspace.  A sample i tem is  “ I  prefer  a complete ly open of f ice (no 
par t i t ions)  to  ce l l  o f f ices” .  Respondents  ra te the accuracy of  th is  s ta tement  on a 7-
po in t -sca le ranging f rom “yes,  very  much so”  to  “no,  not  at  a l l ” .  
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9.2.4.3. Outcomes 
A scale for  job  sat is fac t ion  was taken f rom Bai l lod & Semmer (1994) .  I t  cons is ts  of  
four  i tems (e .g .  “ I  hope my work s i tuat ion wi l l  a lways s tay as good as i t  is  now.” )  
that  bu i ld  an index for  genera l  job sat is fact ion.  The sca le  format  refers  to the 
f requency in  which the respondent  th inks about  h is /her  work  ranging f rom 1 
(never)  through 7 (a lways) .  
 
Envi ronmenta l  (work area)  sat is fact ion  was measured us ing three i tems on work 
area sat is fac t ion f rom May et  a l .  (2005) .  These i tems refer  to  sat is fact ion wi th  the 
ent i re  of f ice env i ronment ,  comfor t ,  and an assessment  o f  the adequacy of  the 
work ing env i ronment  for  work tasks.  A sample i tem is  “ In genera l ,  my work area 
prov ides a good set t ing in  which to  work. ”  The s tatement  is  assessed on a 7-po int -
sca le  ranging f rom “d isagree s t rongly”  to  “agree s t rongly” .  The env i ronmenta l  
sat is fact ion sca le  was complemented wi th  one i tem f rom Char les et  a l .  (2003)  that  
re fers  to  sat is fact ion wi th  the indoor  env i ronment  at  the ind iv idual  workstat ion as 
a whole (overa l l  env i ronmenta l  sat is fact ion)  ( “ Indoor  envi ronment  in your  
worksta t ion as a  whole”  ra ted on a 7-po in t -sca le ranging f rom “very poor”  to 
“excel lent ” ) .  
 
Organisat ional  commitment  was measured us ing a 9- i tem scale f rom J.  Cook & 
Wal l  (1980) .  Th is  sca le  represents  three facets  o f  commitment :  
  Organisat ional  ident i f ica t ion refers  to  a fee l ing of  pr ide to  be a member  o f  a  
spec i f ic  organisat ion and to the interna l isat ion of  organisat ional  goals  and 
va lues (e.g.  “ I  am qui te  proud to be ab le  to te l l  people who i t  is  I  work  for ” ) .  
  Organisat iona l  invo lvement  re fers  to  an organisat ion member ’s  wi l l ingness to  
invest  personal  e f for t  for  the sake of  the organisat ion (e .g.  “ In my work I  l ike  
to  fee l  I  am making some ef for t ,  not  jus t  for  mysel f  but  for  the organizat ion as 
we l l ” ) .  
  Organisat iona l  loya l ty descr ibes the at tachment  to the organisat ion and a 
sense of  be longingness that  is  mani fested in a  wish to  s tay in  the organisat ion 
(e .g.  “The of fer  of  a  b i t  more money wi th  another  employer  would not  ser ious ly 
make me th ink o f  changing my job”) .  
The agreement  wi th  the s ta tements  is  captured wi th  a  7-po in t -sca le  ranging f rom 
“d isagree s t rongly”  to “agree s t rongly” .  
 
Heal th  symptoms  were measured us ing a German sca le developed by Mohr  (1986,  
1991,  based on Fahrenberg,  1975) .  Th is  sca le asks for  the f requency of  a  l is t  o f  
psychosomat ic  compla ints  (e.g .  headache,  backaches /  lower  back pa in,  neck /  
shoulder  pa in ,  d izz iness) .  I t  is  comparable to s imi lar  sca les in  Engl ish language 
used for  the assessment  of  heal th and wel l -be ing (e.g .  the Phys ica l  Symptoms 
Inventory,  Spector  & Jex,  1998) .  The l is t  of  symptoms refers  to  compla in ts  that  
can be cons idered as psycholog ica l  long- term st ress responses.  The f requency of  
the symptoms is  ind icated on a 5-po in t -scale  ranging f rom “hard ly ever  /  never”  to  
“near ly every day” .  
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Ind iv idual  per formance  was measured us ing a subject ive per formance assessment .  
Th is  type of  ind i rect  and subject ive per formance assessment  was chosen as the 
best  a l ternat ive to removing per formance f rom the research des ign.  Wi th  
in format ion or  knowledge work in  o f f ices,  ob ject ive measures – that  wou ld be the 
prefer red source of  per formance informat ion – usual ly are not  ava i lab le .  Th is  does 
not  suggest  that  sub ject ive se l f -assessments of  per formance are interchangeable 
subst i tu tes for  ob ject ive performance measures but  that  in some cases they are 
the on ly opt ion (Dess & Robinson Jr ,  1984) .  Subject ive per formance assessments  
have the advantage of  a l lowing compar isons between d i f ferent  jobs and 
bus inesses (Leaman & Bordass,  2000) .  Because not  much exper ience wi th  
sens i t iv i ty and psychometr ic  qual i ty o f  subject ive per formance assessments  in 
o f f ice work is  ava i lab le,  three d i f ferent  ind iv idual  per formance assessment  sca les 
were employed:  
  Se l f -assessed job per formance (Oldham, 1988)  cons is ts  o f  f ive i tems of  se l f -
ra ted per formance (e .g.  “ I  can accompl ish a great  deal  each day. ” )  on a 7-
po in t -sca le ranging f rom “s t rongly agree”  to  “s t rongly d isagree” .  
  Sat is fact ion wi th  sub ject ive per formance (Brennan et  a l . ,  2002) :  Th is  sca le 
cons is ts  o f  th i r teen i tems rated on a 7-po in t -scale  ranging f rom “s t rongly 
agree”  to  “s t rongly d isagree” .  I t  focuses on feedbacks about  one’s own 
per formance (e.g .  “Peer  feedback about  my work is  pos i t ive. ” )  and inc ludes 
i tems on the in f luence of  the work ing env i ronment  on ind iv idual  work outcomes 
(e .g.  “ I t  is  easy to  have a one- to-one conversat ion at  my workspace. ” ) .  Thus,  
the sca le  confounds d i f ferent  concepts ,  such as sat is fact ion,  task 
per formance,  and appropr iateness of  the work env i ronment .  The sca le,  
however ,  was inc luded in  the quest ionnai re  because i t  was developed for  
s imi lar  research set t ings as the ones s tud ied here and because the 
examinat ion of  the proper t ies  o f  the sca le could be used for  the fur ther  
development  of  measures of  perce ived per formance.  
  S i tuat ional  job per formance (Lee & Brand,  2005)  cons is ts  o f  three i tems that  
cons is t  in  compar isons of  actua l  (s i tuat ional )  per formance and typ ica l  
per formance.  The three i tems cover  the d imensions of  qual i ty,  quant i ty,  and 
creat iv i ty o f  work resu l ts .  A sample i tem is  “Compared to  my typ ica l  work,  r ight  
now I  would  rate  the qual i ty o f  my work as (Very good = 1;  Very bad = 7) ” .  
 
Outcomes on the in ter - ind iv idual  leve l  were measured us ing two sca les focus ing 
on the soc ia l  re lat ions among co l leagues at  work :  
  Work c l imate was measured us ing a sca le f rom Rosenst ie l  & Bögel  (1992)  that  
cons is t  of  four teen i tems descr ib ing percept ion and assessment  o f  
organisat ional  c l imate wi th  a focus on co l leagues at  work (e .g .  “The 
atmosphere at  work is  impersonal . ” ) .  The agreement  to the s tatements  is  g iven 
on a 7-po int -sca le ranging f rom “very inaccurate”  to  “very accurate” .  I tems 
were recoded to ensure that  a  h igher  score ind icates a more pos i t ive c l imate.  
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9.2.5. Construct validity and internal 
consistency of scales 
In  th is  sect ion the psychometr ic  qual i ty o f  the sca les used in  the f i rs t  s tudy is  
descr ibed.  The analys is  cons is ts  o f  three s teps.  The f i rs t  s tep was to assess the 
d imensional i ty o f  the sca les f rom a s tat is t ica l  v iewpoint  us ing pr inc ipa l  component  
analyses (PCA).  Th is  procedure examines whether  a  number  of  quest ionnai re  
i tems represent  a one-d imensional  or  a  mul t i -d imensional  const ruct .  I t  serves to 
ident i fy number  and proper t ies  o f  d imensions conta ined in  a  const ruct  
measurement .  
Scales that  are repor ted to cons is t  of  severa l  subscales in l i te rature and sca les 
wi th  many i tems were analysed.  Obl ique ro tat ions were used because i t  was 
assumed that  subscales wi th in  the sca les used are in tercorre la ted (as i t  is  the 
case for  most  natura l is t ic  data,  espec ia l ly i f  ra t ings are invo lved,  F ie ld,  2009) .  
Obl ique rotat ions usual ly are eas ier  interpretab le  than or thogonal  ro tat ions.  
However ,  because of  the in tercorre la t ions  the resu l t ing so lu t ions to some extend 
ho ld  redundant  informat ion.  Th is  can l imi t  data reduct ion,  the cent ra l  funct ion of  
pr inc ipa l  component  analys is .  The Kaiser-cr i ter ion was used to determine the 
number  of  factors .  Accord ing to th is  cr i ter ion the number  of  components  ext racted 
is  the number  of  components  wi th  an e igenvalue greater  than 1 (c f .  Stevens,  
1996) .  Miss ing va lues were rep laced wi th  i tem means.  This is  a  conservat ive 
approach s ince i t  const r ic ts  var iance and thus reduces corre la t ions between i tems 
(Cohen et  a l . ,  2003) .  The threshold for  component  loadings was set  at  0.4 .  Thus 
var iab les share at  least  f i f teen per  cent  of  the i r  var iance wi th  the const ruct  
(component)  they were go ing to be used to he lp name (Stevens,  1996) .  Data f rom 
the pre-move survey were used for  the PCA.  
 
The second s tep cons is ts  in analys ing the in terna l  cons is tency of  the sca les used.  
In terna l  cons is tency measures to which degree a s ing le  i tem of  a mul t i - i tem sca le  
corre lates wi th  the whole o f  the rest  o f  the i tems.  I t  is  cons idered as a re l iab i l i ty  
measure for  sca les because i t  determines the degree to which a group of  i tems 
can be cons idered as a measurement  of  a s ing le  la tent  var iab le .  The most  
common measure of  interna l  cons is tency is  coef f ic ient  A lpha (Cronbach,  1951) .  I t  
represents  the mean of  the corre lat ions between a l l  of  the d i f ferent  poss ib le  sp l i ts  
o f  the sca le in to two ha lves (Cohen et  a l . ,  2003) .  Coef f ic ient  A lpha usual ly 
prov ides a good est imate of  re l iab i l i ty  because sampl ing of  content  is  usual ly the 
major  source of  measurement  er ror  (Nunnal ly & Bernste in ,  1994) .  Fur thermore,  
coef f ic ient  A lpha can be used as conf i rmatory measure of  un id imensional i ty o f  a  
sca le  or  as a measure of  the s t rength of  a  d imension once the ex is tence of  a  
s ing le  factor  has been determined by pr inc ipa l  component  analys is  (Cor t ina,  
1993) .  
Coef f ic ient  A lpha can reach a maximum value of  +1 (per fect  cons is tency) .  There 
are severa l  recommendat ions about  acceptab le  leve ls  of  coef f ic ient  A lpha.  
Nunnal ly & Bernste in  (1994)  cons ider  values of  0 .8 and h igher  as appropr ia te .  
Other  authors  cons ider  cut -of f  po ints  of  0.7  (Nunnal ly & Bernste in ,  1994)  or  0.65 
(A iken,  1996)  as more appropr ia te,  par t icu lar ly  when the sca les are used for  
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compar isons between groups and not  for  ind iv idual  tests  or  d iagnoses.  However ,  
a t tent ion should be pa id a lso the number  of  i tems (Cor t ina,  1993) :  Values of  A lpha 
r ise wi th  increas ing numbers of  i tems.  In sca les wi th  few i tems ( less than 6)  h igh 
va lues of  A lpha represent  h igh mean corre la t ions (e.g .  h igh in terna l  cons is tency) .   
 
The th i rd s tep in  assess ing the qual i ty o f  the ins t ruments  used is  a  test - re test  
re l iab i l i ty  analys is .  The inc lus ion of  a  cont ro l  group in  the research des ign a l lows 
for  an examinat ion of  test - re test  re l iab i l i ty  for  the sca les used.  Test - re test  
re l iab i l i ty  prov ides informat ion about  the s tab i l i ty  o f  ind iv idual  scores over  t ime.  
Given no changes happen in  the of f ice des ign,  respondents  should score the same 
va lues on the measurement  sca les at  two (or  more)  d i f ferent  po in ts  in t ime (K l ine,  
2000) .  K l ine (2000)  suggests  a  three-month gap between the measurements.  Test -
re test  re l iabi l i ty  is  measured by a wi th in-subjects  cor re lat ion of  the scores at  the 
two po in ts  in  t ime of  measurement .   
 
9.2.5.1. Construct validity 
Screening of  work task characterist ics (KFZA)  
Pr inc ipa l  component  analys is  o f  KFZA (screening of  work  character is t ics)  data 
resu l ted in  e ight  components .  The or ig ina l  ins t rument  (Prümper  et  a l . ,  1995)  
conta ins 10 components  which were  ext racted us ing a two-stage factor  analyt ic  
procedure that  was thought  to  bet ter  represent  the components .  A rep l icat ion of  
the in i t ia l  pr inc ipa l  component  analys is  wi th  the two-stage procedure appl ied by 
Prümper  and co l leagues (1995)  resu l ted in the same component  s t ructure.  Table 8 
presents  the pat tern matr ix  f rom the in i t ia l  PCA.  
Di f ferences compared to the or ig ina l  ins t rument  are the fo l lowing:  the “ho l is t ic  job”  
component  (KFZA 7-8)  could not  be ident i f ied as a separate component .  One of  i ts  
i tems showed a cross- loading on two components  (scope of  act ion and co-
operat ion) .  The “soc ia l  suppor t ”  subscale (KFZA9-11)  forms a component  together  
wi th  two of  three i tems of  the co-operat ion const ruct  (KFZA12-14) .  The i tem “Work 
requi res c lose co-operat ion wi th  o ther  people in the organisat ion”  (KFZA12)  loads 
on a separate component  that  is  used for  data analyses instead of  the co-
operat ion mul t i - i tem const ruct  proposed by Prümper  et  a l .  (1995) .  Fur thermore 
accord ing to the present  analyses “ in format ion and par t ic ipat ion”  (KFZA21-22)  and 
“benef i ts ”  (KFZA23-24)  could  be integrated as one component  represent ing 
organisat ional  c l imate.  
The subscale “ inter rupt ions”  (KFZA19-20)  could  not  be rep l icated.  I ts  two i tems 
loaded on the qual i ta t ive over load component  (KFZA17-18) .  The subscale for  
in ter rupt ions was therefore exc luded f rom fur ther  analyses.  A second reason to 
exc lude th is  sca le is  that  inter rupt ions in  th is  research are not  cons idered an 
at t r ibute o f  job character is t ics  but  of  the work env i ronment .  Inter rupt ions 
fur thermore are inc luded in  the measures of  pr ivacy and d is t ract ion.  
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Table 8.  Pattern matrix of  the principal component analysis for KFZA 
items (t ime 1 data)  
 Component 
1 2 3 4 5 6 7 8 
KFZA1  .767          
KFZA2  .792          
KFZA3  .785          
KFZA4        -.748    
KFZA5        -.703    
KFZA6        -.818    
KFZA7  .402          
KFZA8  .494         -.433 
KFZA9      -.809       
KFZA10      -.766       
KFZA11      -.756       
KFZA12            .773 
KFZA13      -.577       
KFZA14      -.736       
KFZA15          .904  
KFZA16          .796  
KFZA17    .838         
KFZA18    .770         
KFZA19    .409         
KFZA20    .767         
KFZA21     .805        
KFZA22     .753        
KFZA23    .816        
KFZA24     .773        
KFZA25       .859      
KFZA26       .870      
Note: factor loadings below .4 are omitted 
 
Environmental  features rat ing (EFR) 
Resul ts  o f  PCA and interna l  cons is tency of  the „Env i ronmenta l  Features Rat ing“  
(EFR) sca le (Char les et  a l . ,  2003)  are comparable  wi th  the publ ished f igures.  The 
PCA resu l ts  in  four  la tent  d imensions that  can be in terpreted as regards content  
(Table 9) .  The f i rs t  three components  correspond to the factors  repor ted by Vei tch 
et  a l .  (2007) :  the indoor  c l imate sca le  could be rep l icated (component  2) .  In the 
main,  the same is  t rue for  the l ight ing scale (component  3) .  However ,  in  th is  sca le  
the i tem “Your  access to a  v iew of  outs ide f rom where you s i t “  (EFR14)  was 
dropped,  because i t  d id not  load on th is  component .  Th is  i tem formed a separate 
factor  in  the analyses of  Vei tch and co l leagues (2007)  and was subsequent ly 
forced in to the l ight ing sca le  in  the i r  research.  
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The factor  pr ivacy/acoust ics  could  not  be rep l icated.  Ins tead,  in th is  analys is  two 
components  emerged:  the f i rs t  can be named “ task- re lated workp lace 
appropr ia teness”  (component  1)  and is  thus descr ibed less narrowly in  content  
compared to Vei tch et  a l .  (2007) .  The second component  ident i f ied is  pr ivacy 
(component  4) .   
Table 9.  Pattern matrix of  the principal component analysis for EFR 
items (t ime 1 data)  
 Component 
1 2 3 4 
EFR1    -.956  
EFR2   .850   
EFR3   .884   
EFR4  .535    
EFR5     .940 
EFR6     .903 
EFR8  .690    
EFR9  .557    
EFR10    -.873  
EFR11    -.426  
EFR12   .791   
EFR13      
EFR14  .632    
EFR15  .848    
EFR16    -.836  
EFR17  .595    
EFR18  .698    
Note: factor loadings below .4 are omitted 
 
Individual  Performance  
A l l  i tems regard ing subject ive se l f -assessments of  ind iv idual  per formance were 
entered in a PCA.  The i tems or ig inate f rom Brennan et  a l .  (2002) ,  Lee & Brand 
(2005) ,  and Oldham (1988) .  The resu l t ing components  rep l icate  the scales o f  
Oldham (1988)  (component  6)  and Lee & Brand (2005)  (component  3) .  The 
remain ing i tems bu i ld four  components ,  not  a l l  o f  which can eas i ly be in terpreted.  
The main component ,  however ,  is  in terpretab le.  I t  cons is ts  o f  a l l  the i tems that  
conta in  subject ive se l f -assessments  of  per formance based on feedbacks f rom 
superv isors ,  peers,  and c l ients  (PR3,  PR7,  PR10,  PR13) .  An analys is  o f  the 
remainder  of  the i tems f rom Brennan et  a l .  (2002)  shows that  they are focuss ing 
more on the f i t  between workp lace env i ronment  and work tasks than on the 
assessment  o f  ind iv idual  per formance.  Therefore,  these i tems were exc luded for  
fur ther  analys is .  
The PCA thus resu l ts  in three interpretab le  components  that  de l ineate three facets  
o f  sub ject ive ly assessed per formance:  The component  wi th  the i tems f rom Oldham 
(1988)  consis ts  of  sub ject ive s ta tements  about  qual i ty and quant i ty o f  own work.  
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The component  conta in ing the i tems of  Lee & Brand (2005)  focuses s i tuat ive 
per formance ( „ r ight  now“)  compared to typ ica l  per formance.  The th i rd factor  is  
composed of  s tatements  about  own per formance on the bas is  of  feedback f rom 
var ious sources.   
Table 10.  Pattern matrix of  the principal component analysis for self-
assessed work performance items (t ime 1 data)  
 Component 
1 2 3 4 5 6 
PR1       .611  
PR2     -.462   
PR3  .759      
PR4     -.648   
PR5     -.701   
PR6     -.603   
PR7  .777      
PR8   .764     
PR9   .543     
PR10  .806      
PR11   .697     
PR12      .819  
PR13  .660      
PR14       .685 
PR15       .711 
PR16  .491     .418 
PR17       .699 
PR18       .747 
PR19    -.659    
PR20    -.856    
PR21    -.853    
Note: factor loadings below .4 are omitted 
 
Pr ivacy 
A PCA was conducted for  the pr ivacy i tems f rom Oldham (1988) ,  the i tem taken 
f rom Zalesny & Farace (1987) ,  and the two i tems f rom Char les e t  a l .  (2003)  (see 
above) .  The analys is  resu l ts  in two components  that  separate the two pr ivacy 
i tems of  the EFR scale f rom the rest  (Table 11) .  Thus the two factors  task pr ivacy 
and communicat ion pr ivacy d i f ferent ia ted by Oldham (1988)  cannot  be rep l icated.  
The analys is  of  the interna l  cons is tency shows that  va lues for  coef f ic ient  A lpha 
are substant ia l ly  h igher  when the i tems are integrated to compose one s ing le  
pr ivacy sca le  (Table 15) .  The resu l t ing sca le corre la tes moderate ly ( r  =  .33)  wi th  
the sca le  bui l t  of  the two i tems taken f rom Char les e t  a l .  (2003) .   
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Table 11.  Pattern matrix of  the principal component analysis for 
privacy items (t ime 1 data)  
 Component 
1 2 
TP1  .710  
TP2  .601  
TP3 .666  
CP1  .658  
CP2 .693  
CP3 .661  
P1  -.775  
P2 / EFR5   .911 
P3 / EFR6   .899 
Note: factor loadings below .4 are omitted 
 
Work cl imate 
The PCA for  the work c l imate sca le resu l ted in two components  that  can be 
in terpreted as soc ia l  suppor t  and psycholog ica l  c l imate (Table 12) .  The 
components  corre la te very s t rongly  ( r  =  .64) .  Soc ia l  suppor t  is  based on t rust  and 
he lp  o f  co l leagues.  Psycholog ica l  c l imate is  a  descr ipt ion of  perce ived 
character is t ics  of  soc ia l  re lat ions in the organisat ion (Rosenst ie l  & Bögel ,  1992) .  
Table 12.  Pattern matrix of  the principal component analysis for work 
cl imate items (t ime 1 data)  
 Component 
1 2 
BK1   -.587 
BK2  -.851 
BK3   -.740 
BK4  -.858 
BK5  -.780 
BK6  .668  
BK8  .711  
BK9  .816  
BK10  .725  
BK11 .767  
BK12  .667  
BK13   
Note: factor loadings below .4 are omitted 
 
Organisat ional  commitment 
The three components  o f  commitment  proposed by J .  Cook & Wal l  (1980)  
(organisat ional  ident i f icat ion,  organisat ional  invo lvement ,  and organisat ional  
loya l ty)  cou ld  be rep l icated.  The va lues of  interna l  cons is tency for  the 
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components ,  however ,  are be low an acceptable leve l .  Therefore,  organisat ional  
commitment  was t reated as a one-d imensional  const ruct .  The in terna l  cons is tency 
of  the commitment  sca le was sat is factory a t  0 .77 (pre-move)  and 0.81 (post -move)  
respect ive ly .  
Table 13.  Pattern matrix of  the principal component analysis for 
organisational commitment items (t ime 1 data)  
 Component 
1 2 3 
C1  .823   
C2   .504 
C3  .721  
C4    .656 
C5  .813   
C6   .691  
C7    .813 
C8 .696   
C9   .750  
Note: factor loadings below .4 are omitted 
 
Social  stress 
Dimensional i ty analys is  o f  the soc ia l  s t ressors sca le  resu l ted in  two components .  
The two components  d i f fer  in the source of  soc ia l  s t ress.  One component  
descr ibes the soc ia l  s t ressors  as caused by co l leagues’  behav iour .  The other  
component  captures superv isors ’  behav iour  as source of  s t ress.  Two i tems (ST4 
and ST9)  wi th  loadings on both components  were exc luded f rom fur ther  analyses 
as they do not  f i t  the d is t inc t ion between the two sources of  s t ress in terms of  
content  e i ther .  
Table 14.  Pattern matrix of  the principal component analysis for social  
stress items (t ime 1 data)  
 Component 
1 2 
ST1  .312 .705 
ST2  .585 .310 
ST3   .709 
ST4  -.303 .490 
ST5  .764  
ST6  .859  
ST7  .498 .414 
ST8  .797  
ST9  .531 .324 
ST10  .840  
Note: factor loadings below .4 are omitted 
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9.2.5.2. Internal consistency 
The interna l  cons is tency of  the sca les used is  sat is fac tory,  for  most  o f  the sca les 
even good to  excel lent  (Table 15) .  Some of  the job analys is  subscales d id  not  
reach sat is factory leve ls .  However ,  some of  the job analys is  subscales cons is t  
on ly o f  two i tems (ho l is t ic  job,  cogni t ive demand at  work,  quant i tat ive over load at  
work,  inter rupt ions,  informat ion and par t ic ipat ion,  benef i ts ) .  For  2- i tem scales 
a lpha va lues (which correspond to  b ivar ia te corre la t ions in th is  case)  o f  0.5  are 
cons idered as sat is factory because th is  va lue on the one hand s tands for  a 
substant ia l  cor re lat ion but  on the other  hand poin ts  out  that  two d i f ferent  facets  of  
a  const ruct  are represented.  
Table 15.  Internal consistency (Coeff icient Alpha) of measures at  t ime 1 
and t ime 2 
Scale /  
construct  
(var iable 
codes in 
brackets)  
Subscales 
Numbe
r of  
i tems 
Internal  
consistenc
y 
(Coeff icien
t  Alpha)  as 
publ ished 
in source 
of  scale;  
comments 
Internal  
consistenc
y  
Pre-move 
survey 
( t ime 1)  
Internal  
consistenc
y  
Post-move 
survey 
( t ime 2)  
Genera l  
in format ion 
(D1-D9) 
 9     
Job analys is  
(KFZA1-
KFZA24)  
Scope  o f  ac t ion  
(KFZA1-KFZA3)  
3  0 .70  0 .77 ;  N =  
303 
0 .70 ;  N =  
354 
 Var ie ty  (KFZA4-
KFZA6)  
3  0 .73  0 .71 ;  N =  
276 
0 .75 ;  N =  
356 
 Ho l i s t i c  j ob  (KFZA7-
KFZA8)  
2  0 .51  0 .50 ;  N =  
274 
0 .54 ;  N =  
352 
 Soc ia l  suppor t  
(KFZA9-
KFZA11)  
3  0 .76  0 .79 ;  N =305 0 .76 ;  N =  
353 
 Co-opera t ion  
(KFZA12-
KFZA14)  
3  0 .64 ,  
exc luded  
because o f  
resu l ts  o f  
PCA (see  
tex t )  
0 .49 ;  N =  
306 
0 .61 ;  N =  
351 
 Cogn i t i ve  demand  a t  
work  (KFZA15-
KFZA16)  
2  0 .40  0 .68 ;  N =  
284 
0 .69 ;  N =  
342 
 Quan t i ta t i ve  
ove r load a t  
work  (KFZA17-
KFZA18)  
2  0 .70  0 .80 ;  N =  
285 
0 .83 ;  N =  
340 
 In te r rup t ions  
(KFZA19-
KFZA20)  
2  0 .44 ,  
exc luded  
because o f  
resu l ts  o f  
PCA (see  
tex t )  
0 .37 ;  N =  
280 
0 .54 ;  N =  
343 
 In fo rmat ion  and  
par t i c ipa t ion  
(KFZA21-
KFZA22)  
2  0 .70  0 .74 ;  N =  
248 
0 .78 ;  N =  
335 
 Bene f i t s  (KFZA23- 2  0 .61  0 .79 ;  N =  0 .77 ;  N =  
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Scale /  
construct  
(var iable 
codes in 
brackets)  
Subscales 
Numbe
r of  
i tems 
Internal  
consistenc
y 
(Coeff icien
t  Alpha)  as 
publ ished 
in source 
of  scale;  
comments 
Internal  
consistenc
y  
Pre-move 
survey 
( t ime 1)  
Internal  
consistenc
y  
Post-move 
survey 
( t ime 2)  
KFZA24)  247 335 
 Organ isa t i ona l  
c l ima te  
(KFZA21-
KFZA24)  
4  New 
subsca le   
0 .80 ;  N =  
334 
0 .82 ;  N =  
328 
Job 
sat is fact ion 
(AZ0-AZ7) 
Job  sa t i s fac t ion  
(AZ0 ,  AZ1,  AZ4 ,  
AZ5)  
4  0 .73  0 .69 ;  N =  
532 
0 .73 ;  N =  
660 
Work area 
sat is fact ion 
(AZU1-AZU3)
 3  0 .88  0 .95 ;  N =  
320 
0 .97 ;  N =  
395 
Env i ronment
a l  s t ressors 
(KFZA25-
KFZA26)  
 2  0 .60  0 .71 ;  N =  
288 
0 .70 ;  N =  
396 
Work and 
s torage 
space 
(AZU4-AZU5)
 2  0 .76  0 .95 ;  N =  
320 
0 .86 ;  N =  
396 
Workspace 
qual i ty (AU1-
AU3) 
 3  0 .85  0 .86 ;  N =  
286 
0 .79 ;  N =  
390 
Env i ronment
a l  Features 
Rat ing 
EFR1-
EFR18;  
OES2;  P2,  
P3)  
 17   0 .90 ;  N =  
348 
0 .89 ;  N =  
297 
 Assessment  o f  
l i gh t ing  
(EFR1,  
EFR10,  
EFR11,  
EFR16)  
3  0 .76  ( i nc l .  
I t em EFR14 
„Your  access  
to  a  v iew o f  
ou ts ide  f rom 
where  you  
s i t “  f o r  
compar i son  
w i th  
pub l i shed  
va lues )  
0 .85 ;  N =  
282 
0 .87 ;  N =  
315 
 Assessment  o f  
i ndoor  
c l ima te  
(EFR2,  
EFR3,  
EFR12)  
3  0 .82  0 .85 ;  N =  
281 
0 .86 ;  N =  
320 
 Assessment  o f  
task -
re la ted  
workp lac
e  
appropr ia
teness  
(EFR4,  
EFR8,  
EFR9,  
EFR13,  
EFR15,  
7  D i f fe ren t  
componen ts  
fo r  th i s  sca le  
due  to  fac to r  
ana lys i s ,  no  
compar i son  
to  pub l i shed  
va lues  
poss ib le  
0 .87 ;  N =  
265 
0 .86 ;  N =  
309 
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Scale /  
construct  
(var iable 
codes in 
brackets)  
Subscales 
Numbe
r of  
i tems 
Internal  
consistenc
y 
(Coeff icien
t  Alpha)  as 
publ ished 
in source 
of  scale;  
comments 
Internal  
consistenc
y  
Pre-move 
survey 
( t ime 1)  
Internal  
consistenc
y  
Post-move 
survey 
( t ime 2)  
EFR17,  
EFR18)  
 P r i vacy  (P2 ,  
P3 ,  
co r respon
d  to  
EFR5,  
EFR6)  
2   0 .92 ;  N =  
501 
0 .94 ;  N =  
659 
 Overa l l  
env i ronmenta l  
sa t i s fac t i on  
(OES2)  
1     
Cont ro l  
(K1-K6) 
 6  0 .71  0 .83 ;  N =  
302 
0 .82 ;  N =  
358 
Of f ice no ise 
(L1-L6)  
 6  No t  
spec i f ied  
0 .85 ;  N =  
214 
0 .77 ;  N =  
260 
Dis t rac t ion 
(AS1-AS3) 
 3  0 .80  0 .79 ;  N =  
311 
0 .86 ;  N =  
363 
Crowding 
(CR1-CR4) 
 4  0 .92  0 .88 ;  N =  
277 
0 .83 ;  N =  
535 
Preference 
for  enc losed 
area ( IA1,  
IA2)  
 2  0 .77  0 .81 ;  N =  
465 
0 .75 ;  N =  
708 
S i tuat ional  
job 
per formance 
(PR19-PR21)
 3  0 .76  0 .74 ;  N =  
291 
0 .82 ;  N =  
332 
Soc ia l  
c l imate 
(ST1-ST10) 
Soc ia l  s t ressors  
(ST1-ST10)  
10  0 .86  0 .83 ;  N =  
262 
0 .85 ;  N =  
313 
 Soc ia l  
s t resso rs :  
co l l eague
s  (ST1,  
ST2 ,  
ST3 ,  
ST7)  
4   0 .78 ;  N =  
271 
0 .81 ;  N =  
327 
 Soc ia l  
s t resso rs :  
Superv i so
rs  (ST5,  
ST6 ,  
ST8 ,  
ST10)  
4   0 .84 ;  N =  
272 
0 .85 ;  N =  
323 
Sel f -
assessed job 
per formance 
(PR1-PR18) 
PR1-PR13 (Brennan  
e t  a l . ,  2002)  
13  0 .89  0 .83 ;  N =  
277 
0 .85 ;  N =  
307 
 PR14-PR18 
(O ldham,  1988)  
5  0 .76  to  0 .78  0 .82 ;  N =  
295 
0 .80 ;  N =  
330 
 Se l f -assessed  job  
pe r fo rmance  based 
on  feedbacks  (PR3,  
PR7,  PR10 ,  PR13)  
4   0 .82 ;  N =  
284 
0 .84 ;  N =  
314 
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Scale /  
construct  
(var iable 
codes in 
brackets)  
Subscales 
Numbe
r of  
i tems 
Internal  
consistenc
y 
(Coeff icien
t  Alpha)  as 
publ ished 
in source 
of  scale;  
comments 
Internal  
consistenc
y  
Pre-move 
survey 
( t ime 1)  
Internal  
consistenc
y  
Post-move 
survey 
( t ime 2)  
Pr ivacy 
(TP1-TP3;  
CP1-CP3;  
P1)  
Pr ivacy  (TP1-TP3 
and  CP1-CP3;  P1)  
7  New sca le   0 .84 ;  N =  
248 
0 .85 ;  N =  
338 
 Task  Pr i vacy  (TP1-
TP3)  
3  0 .64  to  0 .69  0 .71 ;  N =  
252 
0 .79 ;  N =  
345 
 Communica t ion  
Pr ivacy  (CP1-
CP3)  
3  0 .65  to  0 .67  0 .75 ;  N =  
253 
0 .67 ;  N =  
340 
 D is t rac t ion  th rough  
peop le  (P1)  
1     
Heal th  
symptoms 
(BF1-BF17) 
 16  No t  
spec i f ied  
0 .90 ;  N =  
235 
0 .89 ;  N =  
320 
Commitment  
(C1-C9) 
Commi tment  
 
9   0 .81 ;  N =  
238 
0 .81 ;  N =  
303 
 Organ isa t i ona l  
i den t i f i ca
t i on  (C1 ,  
C5 ,  C8)  
3  0 .74  0 .76 ;  N =  
491 
0 .72 ;  N =  
636 
 Organ isa t i ona l  
i nvo lvem
ent  (C3 ,  
C6 ,  C9)  
3  0 .87  0 .63 ;  N =  
242 
0 .53 ;  N =  
318 
 Organ isa t i ona l  
Loya l t y  
(C2 ,  C4 ,  
C7)  
3  0 .82  0 .52 ;  N =  
248 
0 .48 ;  N =  
308 
Work c l imate
(BK1-BK13) 
 13  No t  
spec i f ied  
0 .90 ;  N =  
259 
0 .88 ;  N =  
286 
 Soc ia l  suppor t  (BK1,  
BK2 ,  BK3 ,  BK4 ,  
BK5)  
7  New 
subsca le  
0 .82 ;  N =  
270 
0 .80 ;  N =  
297 
 Psycho log ica l  
c l ima te  (BK6,  
BK8 ,  BK9 ,  BK  
10 ,  BK11 ,  
BK12)  
6  New 
subsca le  
0 .86 ;  N =  
265 
0 .87 ;  N =  
300 
9.2.5.3. Reliability: Test-Retest 
Test - retest  re l iab i l i ty  was ca lcu la ted wi th  data f rom the cont ro l  group.  The gap 
between the two po in ts  o f  measurement  was 12 weeks.  Test - re test  re l iab i l i ty  o f  
the sca les re la t ing to  of f ice env i ronment  and job character is t ics  assessment  are 
examined.  Scales measur ing more genera l  a t t i tudes cons idered as outcomes of  
o f f ice des ign and co-determined by many aspects  of  work exper ience are not  
inc luded in  th is  analys is  because s tab i l i ty  o f  these measures is  not  assumed.   
 
Resul ts  o f  the test - re test  re l iab i l i ty  analys is  for  the job character is t ic  measures 
are presented in  Table 16.  Most  va lues  are around .70 and the s tab i l i ty  o f  the 
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measurements  is  therefore cons idered as very good.  Test - re test  re l iab i l i ty  o f  two 
sca les (ho l is t ic  job and in format ion and par t ic ipat ion)  is  s l ight ly lower  (around .50)  
but  s t i l l  acceptab le  (Robinson,  Shaver  & Wr ightsman,  1991) .  Rel iab i l i ty  for  the co-
operat ion i tem is  lowest  wi th  0 .43,  ind icat ing a low stab i l i t y  o f  the measurement  or  
re f lec t ing a rea l  change in  co-operat ion in th is  organisat ion.  
 
The test - re test  re l iab i l i ty  va lues for  measures of  the of f ice env i ronment  are 
presented in  Table 17.  The resu l ts  o f  the re l iabi l i ty  analyses can be cons idered as 
sat is fy ing.  However ,  there are two except ions:  F i rs t ,  the corre la t ions between the 
two measurements  for  the workp lace rat ing scale  which inc ludes quest ions about  
workp lace appropr ia teness and furn i ture do not  cor re late  s ign i f icant ly.  There was 
no change in  furn i ture or  of f ice des ign in  the cont ro l  group and open format  
comments f rom the quest ionnai res do not  ind icate any reasons for  the absence of  
a  corre la t ion.  The corre la t ion was therefore cont ro l led us ing a non-parametr ic  
procedure (Kendal l ’s  tau) ,  an appropr ia te  procedure for  non-normal ly d is t r ibuted 
data and smal l  data sets  wi th  a  large number o f  t ied ranks.  The non-parametr ic  
cor re lat ion coef f ic ient  is  h igher  and s ta t ist ica l ly s ign i f icant  but  s t i l l  moderate in 
s ize.  
A second measurement  that  has unsat is factory test - re test  re l iab i l i ty  is  the 
crowding sca le  adopted f rom May et  a l .  (2005) .  Compared to  the other  test - re test  
cor re lat ions in  Table 17 the va lue of  0.48 is  low and ind icates that  the crowding 
measure is  less s tab le over  t ime.  A va lue of  th is  s ize,  however ,  is  acceptab le  for  
a t t i tude measures (Robinson et  a l . ,  1991) .  The va lues for  the remain ing sca les are 
moderate to very h igh.  In  sum, the measurements can be cons idered as s tab le  and 
adequate.  The except ions d iscussed above may ind icate that  some of  the 
const ructs  measured are more dynamic than assumed.  
 
In  summary,  the measures are genera l ly s tab le .  Therefore changes in  pre-post  
change compar isons in the exper imenta l  groups can be cons idered as ef fects  of  
the changes in  the of f ice env i ronments rather  than inc idental  var iab i l i ty .  
Table 16. Test-retest reliabil i ty values for job characterist ics scales 
Scale /  construct  (var iable codes in brackets) Test-retest  re l iabi l i ty (correlat ion coeff icients)  
Scope of  act ion (KFZA1-KFZA3)  r  =  0 .68** * ;  N  =  32  
Var ie ty (KFZA4-KFZA6) r  =  0 .76** * ;  N  =  32  
Hol is t ic  job (KFZA7-KFZA8) r  =  0 .47** ;  N  =  32  
Soc ia l  suppor t  (KFZA9-KFZA11)  r  =  0 .67** * ;  N  =  30  
Co-operat ion (KFZA12)  r  =  0 .43** * ;  N  =  65  
Cogni t ive demand at  work (KFZA15-KFZA16)  r  =  0 .60** * ;  N  =  34  
Quant i ta t ive over load at  work (KFZA17-KFZA18) r  =  0 .71** * ;  N  =  34  
In format ion and par t ic ipat ion (KFZA21-KFZA22)  r  =  0 .50** ;  N  =  34  
Benef i ts  (KFZA23-KFZA24)  r  =  0 .69** * ;  N  =  32  
***  p  < 0.001;  **  p  < 0.01  
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Table 17.  Test-retest rel iabil ity values for scales relating to off ice 
environment assessment 
Scale /  construct  
(var iable codes in 
brackets)  
Subscales 
Test-retest  
re l iabi l i ty 
(correlat ion 
coeff icients)  
Work area sat is fact ion 
(AZU1-AZU3)  
 r  =  0 .86** * ;  N  =  34  
Env i ronmenta l  s t ressors  
(KFZA25-KFZA26)  
 r  =  0 .63** * ;  N  =  34  
Sat is fact ion wi th  work  
and s torage space 
(AZU4-AZU5)  
 r  =  0 .71** * ;  N  =  34  
Workspace qual i ty 
(AU1-AU3) 
 r  =  0 .29  (n .s . ) ;  N  =  34  
(pa ramet r i c  
co r re la t i on )  
  τ  =  0 .38  (p  <  0 .01 ) ;  N  
=  34  (non-paramet r i c  
co r re la t i on )  
Env i ronmenta l  Features 
Rat ing EFR1-EFR18;  
OES2;  P2,  P3)  
   
 Assessment  o f  l i gh t i ng  (EFR1,  
EFR10,  EFR11,  EFR16)  
r  =  0 .87** * ;  N  =  37  
 Assessment  o f  i ndoor  c l ima te  
(EFR2,  EFR3,  EFR12)  
r  =  0 .89** * ;  N  =  37  
 Assessment  o f  task - re la ted  
workp lace  appropr ia teness  (EFR4,  
EFR8,  EFR9,  EFR13,  EFR15,  
EFR17,  EFR18)  
r  =  0 .91** * ;  N  =  37  
 Overa l l  env i ronmenta l  sa t i s fac t i on  
(OES2)  
r  =  0 .74** * ;  N  =  37  
Contro l  
(K1-K6) 
 r  =  0 .80** * ;  N  =  34  
Sources of  no ise 
(L1-L6)  
 r  =  0 .76** * ;  N  =  34  
Dis t rac t ion 
(AS1-AS3) 
 r  =  0 .80** * ;  N  =  33  
Crowding 
(CR1-CR4) 
 r  =  0 .48** ;  N  =  33  
Preference for  enc losed 
area ( IA1,  IA2)  
 r  =  0 .66** * ;  N  =  70  
Pr ivacy 
(TP1-TP3;  CP1-CP3;  
P1)  
Pr i vacy  (TP1-TP3 and CP1-CP3;  P1)  r  =  0 .73** * ;  N  =  37  
***  p  < 0.001;  **  p  < 0.01  
 
9.2.5.4. Inter-rater Reliability 
For  the rat ing of  job complex i ty,  jobs were ra ted by two exper ienced work 
psycholog is ts  independent ly.  Both i tems,  task complex i ty and in teract ion 
complex i ty,  were ra ted on a 4-po int  rat ing sca le .  Job complex i ty was assessed 
us ing the average of  the two i tems.  Both exper ts  rated a l l  jobs based on job t i t les  
and job descr ip t ions.  Inter - ra ter  re l iab i l i ty  was assessed us ing Cohen’s  Kappa 
(Cohen,  1960) ,  a  coef f ic ient  of  agreement  for  nominal  sca les.  Kappa for  task 
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complex i ty was .68 and for  interact ion complex i ty .73.  These va lues indicate a 
substant ia l  agreement  between the two rat ings (Landis  & Koch,  1977) .  The non-
parametr ic  cor re lat ion between the job complex i ty scores was τ  =  0.82 (p < 0.001,  
N = 755) .  
In  summary,  in ter - rater  re l iab i l i ty  for  the job complexi ty assessment  is  substant ia l .  
9.2.6. Data screening and transformation 
In i t ia l  ana lys is  of  the d is t r ibut ion of  the var iab les led to a  t ransformat ion of  the 
soc ia l  dens i ty var iab le .  In  order  to reduce skewness and improve normal i ty,  soc ia l  
dens i ty (number  of  people in  the of f ice room) was changed us ing a logar i thm 
t ransformat ion for  the pre-change dataset  and a square root  t ransformat ion for  the 
post -change dataset .   
V isual  and numer ica l  inspect ion of  the d is t r ibut ions revealed that  most  var iab les 
are negat ive ly skewed to  a moderate extent .  Accord ing to Tabachnick & F ide l l  
(2007) ,  t ransformat ions lead on ly to  marg ina l  improvements o f  the s tat is t ica l  
analyses i f  a l l  var iab les are skewed to the same moderate extent .  
Fur ther  problems wi th  d is t r ibut ions were ident i f ied for  cogni t ive demand at  work 
and soc ia l  s t ress caused by superv isors .  Both var iab les show shapes that  
resemble exponent ia l  d is t r ibut ions wi th  average va lues c lose to  the maximal  
va lue.  Th is  leads to the conc lus ion that  qual i ta t ive over load is  a rare phenomenon 
in  the sample.  The same is  t rue for  soc ia l  s t ress caused by superv isors .  
Qual i tat ive over load was therefore merged wi th  quant i ta t ive over load to  form a 
genera l  over load var iable  that  is  interna l ly cons is tent  (Cronbach’s  a lpha .71 in  
pre-change and .78 in  post -change data)  and improves the normal i ty o f  the 
d is t r ibut ion compared to the quant i ta t ive over load var iab le.  S imi lar ly,  the soc ia l  
s t ress var iab les (soc ia l  s t ress caused by co l leagues /  by superv isors)  were 
merged.  The in terna l  cons is tency for  the resu l t ing var iab le is  h igh (Cronbach’s  
a lpha .83 and .85)  and the d is t r ibut ion s imi lar  to  the other  var iab les in the 
dataset .  A log- t ransformat ion has been appl ied to heal th s tatus data in  order  to 
improve normal i ty o f  the d is t r ibut ion.  
9.2.7. Verification of control group equivalence 
The f i rs t  s tudy uses a non-equiva lent  compar ison group quasi -exper imenta l  
des ign,  which is  character ized by both a pre- test  and a non-equiva lent  compar ison 
group in  a f ie ld  set t ing.  In  order  to ensure the va l id i ty o f  the research des ign,  the 
character is t ics  of  the cont ro l  group are compared wi th  the exper imenta l  groups.  
The non-equiva lent  compar ison group quas i -exper imenta l  des ign is  vulnerab le  to 
se lect ion b ias,  i .e.  to t reatment  ef fects  that  are confounded wi th  character is t ics  o f  
un i ts  cor re la ted wi th  outcome.  The cont ro l  group should therefore be as s imi lar  to 
the exper imenta l  groups as poss ib le  (Shadish & Cook,  2009) .   
 
In  order  to analyse the equiva lence of  the cont ro l  and exper imenta l  groups a 
ser ies o f  one-way analyses of  var iance (ANOVA) were per formed on the pre-
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change data.  In these analyses the demographic  var iab les and job character is t ics  
were compared between organisat ions.  The Games-Howel l  procedure is  used for  
post -hoc compar isons of  the ANOVAs where sample s izes and populat ion 
var iances d i f fer  between groups (F ie ld ,  2009) .  In  order  to account  for  
inhomogeneous var iances,  in  these compar isons Welch F-ra t ios  are used.  The 
Welch F-rat io  technique makes ad justments  to  the F-rat io  and the res idual  
degrees of  f reedom and thus combats  the prob lems ar is ing f rom v io lat ions of  the 
assumpt ion of  homogenei ty o f  var iance.  A lso fo l lowing F ie ld ’s  (2005)  suggest ions,  
for  the compar ison of  the other  post -hoc  compar isons the Gabr ie l  procedure are 
used because sample s izes are d i f ferent .  The resul ts  o f  the analyses for  the 
complete sample are presented in Table 18 and those for  the matched longi tud ina l  
sample are d isp layed in  Table 19.  
 
Table 18.  Results of one-way ANOVAs for analysis of  control group 
equivalence (total  sample)  
 df1 df218 F p Post-Hoc Analyses:  
Signif icant  d i f ferences 
between organisat ions 
Age 4 142.84 4.05 <.01 A and Cont ro l ,  B and 
Contro l  
Job tenure 5 123.98 7.19 <.001 A and B,  A and C,  A and 
F,  B and F,  C and E,  
Contro l  and F,  D and F 
Highest  completed 
educat ion 
5 559 5.98 <.001 A and B,  A and D,  A and 
F,  C and D,  C and F,  
Contro l  and D,  Cont ro l  and 
F 
Rate spent  a t  the 
ind iv idual  o f f ice 
workspace 
5 563 5.70 n.s .   
Degree of  employment  5  133.13 5.06 <.001 A and C,  A and Contro l ,  A 
and D,  B and Contro l ,  B 
and D 
Scope of  act ion 5 99.16 2.13 n.s .   
Var ie ty 4  271 0.72 n.s .   
Hol is t ic  job 4 271 1.00 n.s .   
Soc ia l  suppor t  5  302 1.19 n.s .   
Over load at  work 4  279 5.89 <.01 F and each of  the others  
In format ion and 
par t ic ipat ion 
3 104.45 5.87 <.01 A and Cont ro l ,  B and 
Contro l  
Benef i ts  3  247 4.66 <.01 A and B 
Organisat iona l  
condi t ions ( in format ion,  
par t ic ipat ion,  and 
benef i ts )  
3  110.10 4.88 <.01 A and B,  A and Contro l  
 
 
Post -hoc analyses for  the complete sample ind icate that  the cont ro l  group d i f fers  
s ign i f icant ly  f rom one exper imenta l  group in  job tenure (organisat ion F) .  I t  d i f fers  
s ign i f icant ly  f rom two exper imenta l  groups on h ighest  completed educat ion 
                                                          
18 The  degrees  o f  f reedom are  ad jus ted  by  the  p rocedure  fo r  ca lcu la t i ng  the  Welsh  F - ra t i o  
  152 
(organisat ions D and F) ,  and on age and degree of  employment  (organisat ions A 
and B) .  S ign i f icant  d i f ferences in job character is t ics  are found in  quant i tat ive 
over load (organisat ion F)  but  not  on cogni t ive demand.  Informat ion and 
par t ic ipat ion d i f fers  s ign i f icant ly between the cont ro l  group and organisat ions A 
and B but  there is  no d i f ference in  benef i ts .  There is  a s ign i f icant  d i f ference in  
env i ronmenta l  s t ressors between the organisat ion serv ing as a cont ro l  group and 
organisat ion A.  Fur thermore there is  a s imi lar  d i f ference in organisat ional  
condi t ions (organisat ion A) .  
 
Table 19.  Results of one-way ANOVAs for analysis of  control group 
equivalence (matched longitudinal sample) 
 df1 df219 F P Post-Hoc Analyses:  
Signif icant  d i f ferences 
between organisat ions 
Age 3 102.39 3.60 < .05 No s ign i f icant  d i f ferences 
Job tenure 4 252 2.67 < .05 C and D 
Highest  
completed 
educat ion 
4 252 6.51 < .001 A and B,  B and C,  B and Contro l  
Rate spent  a t  the 
ind iv idual  o f f ice 
workspace 
4 254 0.70 n.s .   
Degree of  
employment  
4  95.43 1.94 n.s .   
Scope of  act ion 4 138 0.97 n.s .   
Var ie ty 4  138 0.36 n.s .   
Hol is t ic  job 4 138 0.97 n.s .   
Soc ia l  suppor t  4  137 0.51 n.s .   
Over load at  work 3  111 0.48 n.s .   
In format ion and 
par t ic ipat ion 
3 111 6.14 < .01 A and Cont ro l ,  B and Contro l  
Benef i ts  3  111 3.89 < .05 A and Cont ro l  
Organisat iona l  
condi t ions 
( in format ion,  
par t ic ipat ion,  and 
benef i ts )  
3  111 5.18 < .01 A and Cont ro l ,  C and Contro l  
 
 
Post -hoc analyses for  the matched longi tud ina l  sample reveal  s ign i f icant  
d i f ferences regard ing the cont ro l  group for  h ighest  completed educat ion 
(s ign i f icant  d i f ference between cont ro l  group and organisat ion B) ,  in format ion and 
par t ic ipat ion (organisat ions A and B) ,  benef i ts  (organisat ion A) ,  and organisat ional  
condi t ions (organisat ions A and C) .  
 
In  summary,  the one-way ANOVAs show that  the cont ro l  group does not  d i f fer  
systemat ical ly f rom the exper imenta l  groups.  There are not  more d i f ferences 
between the cont ro l  group and exper imenta l  groups than between exper imenta l  
groups.  The cont ro l  group does not  systemat ica l ly d i f fer  f rom one or  two spec i f ic  
                                                          
19 The  degrees  o f  f reedom are  ad jus ted  by  the  p rocedure  fo r  ca lcu la t i ng  the  Welsh  F - ra t i o  
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exper imenta l  groups.  I t  can be conc luded,  therefore,  that  the cont ro l  group may be 
cons idered as equiva lent  to  the exper imenta l  groups in character is t ics  o f  
employees and the jobs they per form.  
 
A second set  of  equiva lence compar isons was per formed on the descr ip t ive 
character is t ics  of  groups def ined by the vers ion of  quest ionnai re  they rece ived 
(see chapter  9.2 .2) .  The resu l t  of  these compar isons show that  the two groups 
d i f fer  on educat ion level  ( t  =  3 .158,  d f  =  475,  p =  0.002)  wi th  a  s l ight ly h igher  
educat ion leve l  in the group that  rece ived vers ion A of  the quest ionnai re.  A l l  other  
d imensions ( job complex i ty,  age,  tenure,  degree of  employment ,  percentage of  
work  t ime spent  in the of f ice)  were equal .  Th is  f ind ing po in ts  to the impor tance of  
us ing educat ion leve l  as a covar iate in  the longi tud ina l  analyses.  
9.2.8. Attrition in longitudinal sample 
Longi tud ina l  research is  assoc ia ted wi th  potent ia l  prob lems of  subject  at t r i t ion.  I f  
par t icu lar  groups of  people are los t  in  subsequent  data co l lec t ion,  a b iased sample 
or  lack of  genera l izab i l i ty  may be the consequence.  Study par t ic ipants  may se lect  
themselves out  of  subsequent  waves of  data col lec t ion due to  the intervent ion that  
is  s tud ied or  for  o ther  systemat ic  reasons that  may a f fect  the resul ts  of  the 
research (Goodman & Blum, 1996) .   
Data screening revealed that  ind iv idual  match ing of  data was not  poss ib le  for  a l l  
par t ic ipants  because subjects  cou ld refuse g iv ing ID- in format ion and because not  
a l l  sub jects  par t ic ipated in  both  waves of  data co l lec t ion.   
 
Table 20. Overview over drop-out rates in the longitudinal sample 
 
Organisation 
Total  A   B   C   D   Control 
Stayers and leavers of 
longitudinal sample 
Leaver 72 133 12 2 62 281
Stayer 41 81 45 24 69 260
Total 113 214 57 26 131 541
Ratio Stayers/Total 64% 38% 79% 92% 61% 48%
 
 
In  order  to examine poss ib le  non-random sampl ing ef fects  o f  par t ic ipant  at t r i t ion,  
a  4-s tep procedure proposed by Goodman & Blum (1996)  was fo l lowed.  The f i rs t  
s tep of  th is  procedure cons is ts  in tes t ing for  the presence of  non-random sampl ing 
by conduct ion a mul t ip le  log is t ic  regress ion,  a vers ion of  mul t ip le  regress ion in 
wh ich the outcome is  a  categor ica l  var iab le .  The dependent  var iab le for  th is  
procedure is  a d ichotomous var iable  that  d is t inguishes between par t ic ipants  who 
responded at  T ime 1 (pre-change)  and T ime 2 (post -change)  (s tayers)  and those 
who responded only a t  T ime 1 ( leavers  o f  the sample) .  The independent  var iab les 
o f  the mul t ip le  log is t ic  regress ion model  inc lude a l l  var iab les of  interest  measured 
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as T ime 1,  inc lud ing a l l  var iab les that  are used as pred ic tor  or  cr i ter ion var iab les 
in  the longi tud ina l  data analyses.  
 
Analyses suggest  that  par t ic ipant  at t r i t ion is  not  complete ly a t  random. Drop-out  
ra tes in  the longi tud ina l  sample are re la ted to low soc ia l  suppor t ,  low sat is fact ion 
wi th  work and s torage spaces,  and h igh crowding exper ience.  Fur thermore drop-
out  ra tes d i f fer  between organisat ions (Table 20) .  In order  to  assess the ef fects  o f  
non-random sampl ing,  the s teps 2-4 or  Goodman and Blum’s procedure are 
appl ied to  the data.  Goodman & Blum (1996)  recommend assess ing the ef fects  of  
non-random sampl ing on means,  var iances,  and corre la t ions.  
 
Table 21.  Comparisons of means between stayers and leavers in 
longitudinal sample 
 Stayers and 
leavers of 
longitudinal 
sample N Mean
Std. 
Error 
Mean t df p 
Effect 
size r 
Social support Leaver 133 3.82 .071 -2.031 273 .043 0.12
Stayer 142 4.03 .072
Work and 
storage space 
Leaver 139 5.17 .144 -2.163 271.44* .031 0.13
Stayer 151 5.58 .118
Preference for 
enclosed area 
Leaver 234 3.06 .105 2.201 468 .028 0.10
Stayer 236 2.75 .095
Social stress Leaver 131 5.23 .095 -2.227 276 .027 0.13
Stayer 147 5.51 .081   
Gender Leaver 280 .63 .029 -2.442 537.99* .015 0.10
Stayer 260 .72 .028   
Degree of 
employment 
(percentage) 
Leaver 276 5.22 .096 -3.365 497.99* .001 0.15
Stayer 259 5.62 .071   
Highest 
completed 
education 
Leaver 275 3.59 .071 -2.649 530 .008 0.11
Stayer 257 3.84 .067   
Job Complexity Leaver 201 2.38 .050 -2.800 423 .005 0.13
Stayer 224 2.58 .048   
*  degrees of  f reedom adjusted due to  unequal  var iances  
 
T-tests  for  independent  samples were per formed (s tep 2) .  The resu l ts  o f  these 
compar isons of  means are presented in  Table 21.  In  the pre-change s i tuat ion,  the 
groups of  leavers and s tayers  o f  the longi tud ina l  sample d i f fer  as fo l lows:  
employees exper ienc ing h igher  soc ia l  suppor t ,  h igher  sat is fact ion wi th  work and 
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s torage spaces,  lower  soc ia l  s t ress,  and a h igher  preference for  open of f ice 
env i ronments  are more l ike ly to  s tay in  the sample ( i .e .  to  par t ic ipate a lso in  the 
post -change survey) .  D i f ferences in perce ived crowding s t ress do not  reach 
s tat is t ica l  s ign i f icance in  th is  analys is  of  means.  Addi t ional ly,  s tayers  are more 
l ike ly to  be male,  employed to  a h igher  degree ( i .e .  less par t - t ime workers) ,  and 
have h igher  educat ion and more complex jobs.  A l though a l l  these d i f ferences are 
s tat is t ica l ly s ign i f icant ,  e f fect  s izes are low.  Therefore,  the pract ica l  impl icat ions 
of  these d i f ferences for  the phenomena examined can be cons idered as low 
(Goodman & Blum, 1996) .   
 
Step 3 of  Goodman and Blum’s  procedure consis ts  in compar ing the var iances of  
main s tudy var iab les between the whole pre-change sample and the sub-sample of  
s tayers .  These analyses show that  the s tayers  are a more homogeneous group on 
the fo l lowing s tudy var iab les than the whole sample.  Var iance is  rest r ic ted in the 
sub-sample of  s tayers  on degree of  employment ,  soc ia l  dens i ty,  and cont ro l  over  
the of f ice env i ronment .  These var iance rest r ic t ions may lead to a  downward b ias 
for  cor re la t ion coef f ic ients  invo lv ing these var iab les and therefore to an 
underest imat ion of  re la t ionships between var iab les (c f .  R.  A.  A lexander ,  1988) .  
Table 22. Descript ion of f inal,  matched longitudinal sample 
 
Organisation 
Total A B C Control D 
Leavers Questionnaire 
version 
1 39 67 0 26 2 134
2 33 66 0 36 0 135
3 0 0 6 0 0 6
4 0 0 6 0 0 6
Total 72 133 12 62 2 281
Stayers Questionnaire 
version 
1 21 46 0 34 24 125
2 20 35 0 35 0 90
3 0 0 19 0 0 19
4 0 0 26 0 0 26
Total 41 81 45 69 24 260
 
 
To test  for  ef fects  of  non-random sampl ing on the s t ructure of  re lat ionships among 
the independent  var iab les,  the four th  s tep of  Goodman and Blum’s procedure 
cons is ts  in  mul t ip le  regress ion analyses .  Regress ion models  for  the whole sample 
of  the pre-change survey are compared to  models  inc lud ing on ly those par t ic ipants  
who responded to both data co l lec t ions ( i .e .  the s tayers) .  The regress ion models  
inc lude a l l  independent  var iab les.  T- tests  on the d i f ferences between regress ion 
coef f ic ients  showed no d i f ferences between the whole pre-change sample and the 
sub-sample o f  s tayers  wi th  the except ion of  one regress ion coef f ic ient  (soc ia l  
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suppor t )  be ing s ign i f icant ly re la ted to  one out  of  three per formance measures in 
the s tayers  group but  not  in the whole sample.  Overa l l ,  the pat terns of  
re la t ionships are s imi lar  and do not  ind icate non-random sample at t r i t ion.  The 
f ina l ,  matched longi tud ina l  sample is  descr ibed in  Table 22.   
 
To summar ise,  Goodman and Blum’s  procedure reveals  that  non-random at t r i t ion 
occurred in  the longi tud ina l  sample.  The group of  s tayers  is  more homogenous 
compared to the complete sample and is  composed of  employees exper ienc ing 
h igher  soc ia l  suppor t ,  h igher  sat is fac t ion wi th  work and s torage spaces,  lower  
soc ia l  s t ress,  and a h igher  preference for  open of f ice env ironments .  Addi t iona l ly,  
s tayers  are more l ike ly to  be male,  employed to a  h igher  degree ( i .e .  less par t -
t ime workers) ,  and have h igher  educat ion and more complex jobs.  A l though a l l  
these d i f ferences are s ta t is t ica l ly s ign i f icant ,  e f fect  s izes are low.  The 
homogenei ty o f  the subsample of  s tayers  is  assoc ia ted wi th  var iance rest r ic t ion on 
a few var iab les (degree of  employment ,  soc ia l  dens i ty,  and cont ro l  over  the of f ice 
env i ronment) .  Th is  rest r ic t ion in  turn may lead to  an underest imat ion of  cor re la t ion 
coef f ic ients  invo lv ing the var iab les ment ioned.  
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10. Results of Study 1 
In  th is  chapter  the resu l ts  o f  the f i rs t  s tudy are presented and d iscussed.  F i rs t ,  
descr ip t ive resu l ts  are presented in  sect ion 10.1.  Second,  resu l ts  for  long i tud ina l  
compar isons of  means are presented in  sect ion 10.2,  fo l lowed by the analyses of  
cross-sect ional  (sect ion 10.4)  and longi tud ina l  regress ion models  (sect ion 10.6) .  
10.1. Descriptive results 
Descr ipt ive resu l ts  are d isp layed in  Table 23 to Table 27.  Most  b ivar ia te  Pearson 
corre lat ion between cont ro l  var iab les (age,  tenure,  gender ,  degree of  employment ,  
educat ion leve l ,  and t ime at  own workspace)  and job character is t ics  are not  
s ign i f icant .  Where corre la t ions are s tat is t ica l ly s ign i f icant ,  they are smal l  to 
medium s ize.  The same is  t rue for  corre la t ions between cont ro l  var iab les and 
character is t ics  of  the o f f ice env i ronments .  With th is  c lass of  var iab les,  
cor re lat ions at  t ime 1 tend to be not  s ign i f icant  wh i le  cons is tent ly negat ive 
corre lat ions between tenure and t ime at  own workspace at  the one hand s ide and 
tenure and character is t ics  of  the of f ice env i ronments on the other  hand s ide can 
be found at  t ime 2.  The s ize of  these corre la t ions is  o f  smal l  to medium s ize,  
ranging f rom r=.076 to  r=.213 (absolute va lues) .  
 
Corre la t ions between character is t ics  o f  the of f ice env i ronments and job 
character is t ics  are smal l  to medium s ize.  The h ighest  cor re la t ions are between 
quant i tat ive work s t ress and d is t ract ion ( r= .598)  and qual i ta t ive work s t ress and 
d is t ract ion ( r= .473)  a t  t ime 1.  However , these corre la t ions are ca lcu lated f rom a 
subsample of  33 par t ic ipants  on ly and therefore may not  be representat ive for  the 
sample.  Scope of  act ion and cont ro l  over  the ind iv idual  work  env i ronment  
cor re late  at  r= .487 at  t ime 1 and r=.398 at  t ime 2.  
 
The b ivar ia te  Pearson corre la t ions among var iab les re lated to the perce ived of f ice 
env i ronment  are moderate to  h igh in s ize (Table 24) .  The s izes of  the corre la t ions 
show that  d is t inc t  aspects  o f  perce ived work env i ronments  are measured.  
However ,  some corre la t ions are h igh ( r  > .5) :   
  Env i ronmenta l  s t ressors  corre lates h igh ly wi th  pr ivacy ( r= .405 at  t ime 1 
and r= .560 and r= .529 at  t ime 2)  and crowding ( r=.519 at  t ime 1 and r= .486 
at  t ime 2) .  
  Workp lace appropr ia teness corre lates h igh ly wi th  severa l  other  var iab les,  
namely l ight ing,  d is t ract ion,  of f ice no ise,  pr ivacy,  and cont ro l .  Some of  the 
corre lat ions are ext remely h igh,  notab ly workp lace appropr ia teness and 
d is t ract ion ( r= .510 at  t ime 1 and r=.764 at  t ime 2) ,  workp lace 
appropr ia teness and of f ice no ise ( r= .521 at  t ime 1 and r= .656 at  t ime 2) ,  
workp lace appropr ia teness and pr ivacy ( r= .691 and r= .722 at  t ime 1 and 
r=.691 and r= .702 at  t ime 2) .  These s izes show that  the var iab les share up 
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to  around 50 per  cent  of  var iance and therefore must  be cons idered as 
conceptua l ly s imi lar .  
  Of f ice no ise,  d is t ract ion,  and pr ivacy corre la te  to  a  moderate to h igh 
degree.  This  ind icates a par t ia l  conceptua l  over lap.  
Table 23. Descript ive stat ist ics for study variables at  t ime 1 and t ime 2 
 Time 1  Time 2 
  Mean Std. 
Deviation 
N  Mean Std. 
Deviation 
N 
Age 5.26 2.18 546  6.00 2.21 678 
Tenure 4.11 2.27 568  4.59 2.43 718 
Gender 0.66 0.47 573  0.71 0.45 606 
Degree of employment 5.39 1.44 568  5.57 1.20 713 
Education level 3.75 1.14 565  3.91 1.11 713 
Time spent at own office workspace 4.38 1.53 569  4.67 1.53 717 
Job Complexity 2.58 0.72 764  2.58 0.72 764 
Scope of action 3.60 0.84 309  3.46 0.81 359 
Variety 3.85 0.75 276  3.67 0.80 359 
Holistic job 3.58 0.83 276  3.56 0.87 356 
Social support 3.91 0.84 308  3.85 0.83 355 
Co-operation 4.05 0.88 508  3.53 1.10 632 
Cognitive demand at work 4.03 0.93 284  3.90 0.96 341 
Quantitative overload at work 3.01 1.05 284  3.05 1.12 343 
Information and participation 3.08 0.96 253  2.91 1.02 343 
Benefits 3.20 1.00 251  3.04 1.02 337 
Social density 6.42 8.39 551  37.78 31.58 684 
Environmental stressors 4.79 1.63 291  3.76 1.67 400 
Lighting 5.22 1.27 283  4.78 1.44 326 
Indoor climate 4.27 1.52 283  3.28 1.52 326 
Workplace appropriateness 4.56 1.27 283  3.82 1.29 326 
Work and storage space 5.39 1.59 323  4.97 1.63 399 
Workspace quality 4.82 1.57 290  4.73 1.46 399 
Distraction 4.89 1.27 312  3.91 1.46 365 
Office Noise  4.36 1.46 282  4.22 1.25 370 
Privacy  3.38 0.85 254  2.58 0.86 344 
Privacy (2item measure) 2.96 1.35 503  1.94 1.24 664 
Crowding  5.30 1.60 278  4.69 1.34 545 
Control 4.46 1.34 315  3.65 1.33 370 
Preference for enclosed area 2.90 1.54 470  2.61 1.49 708 
Job satisfaction 4.43 1.17 560  4.11 1.21 698 
Work area satisfaction 5.25 1.32 324  4.30 1.73 400 
Overall environmental satisfaction 4.83 1.54 281  3.94 1.68 324 
Commitment  5.01 1.03 250  4.66 1.10 334 
Health symptoms 4.05 0.66 249  3.78 0.74 343 
(Sqrt of) Self-assessed job performance 0.78 0.24 302  0.77 0.25 344 
(Log of) Self-assessed job performance 
based on Feedbacks 
0.46 0.14 302  0.43 0.16 343 
(Sqrt of) Situational job performance 0.94 0.31 306  0.75 0.32 360 
 
 
 
Corre la t ions between cont ro l  var iab les and outcomes are low in  s ize (Table 25 and 
Table 26) .  Corre la t ions between job character is t ics  and outcomes are o f  low to  
medium s ize (Table 25 and Table 26) .  The h ighest  corre la t ions can be found 
between job character is t ics  and job sat is fact ion and organisat ional  commitment ,  
respect ive ly .  Corre lat ions between character is t ics  of  the of f ice env i ronment  and 
outcomes are low to  moderate.  The except ions are the corre la t ions between 
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perce ived of f ice character is t ics  and env i ronmenta l  sat is fact ion.  Notab ly workp lace 
appropr ia teness corre lates very s t rongly wi th  work area sat is fact ion ( r= .761 at  
t ime 1)  and wi th  overa l l  env i ronmenta l  sat is fact ion ( r= .819 at  t ime 1 and r= .857 at  
t ime 2) ,  ind icat ing a large conceptual  over lap.  
 
Corre la t ions among the outcomes (Table 27)  show that  outcomes remain re la t ive ly 
s tab le  over  t ime as ind icated by h igh t ime 1 – t ime 2 corre la t ions.  Th is  is  main ly 
t rue for  organisat ional  commitment ,  heal th  s tatus,  and job sat is fact ion.  
Autocorre la t ions for  the ind iv idual  work  per formance measures are smal ler  in s ize 
but  s t i l l  s t rong.  Autocorre la t ions for  env i ronmenta l  sat is fact ion are of  moderate 
s t rength.  
Job sat is fact ion and organisat ional  commitment  are h igh ly corre lated ( r=.705 at  
t ime 1 and r= .626 at  t ime 2) .  The corre la t ion between the two measures for  
env i ronmenta l  sat is fact ion is  h igh in s ize ( r= .635) .  The in tercorre lat ions among the 
per formance measures are moderate.  The measure of  s i tuat ional  per formance is  
more s t rongly re la ted to o ther  outcome measures than the two other  measures of  
se l f -assessed per formance.  General ly,  job sat is fact ion is  more s t rongly  corre la ted 
wi th  the per formance measures than the env i ronmenta l  sat is fact ion measures are.  
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Table 24. Correlat ion matrix (control variables and independent variables) 
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r -.055 -.073 -.035 .230** -.087* - .005 -.159** -.066 .017 .022 -.178** -.070 .019 -.250** -.223** .076* -.213** -.009 -.113* -.125* -.128* -.198** -.133* -.033 -.129* -.120** -.095* -.190** -.162**
N 542 565 569 566 564 - 530 356 356 353 352 623 335 337 337 332 677 395 321 321 321 394 394 361 365 339 657 539 365 699
r .218** .167** .240** .169** .474** -.159** - .033 .091 -.038 -.005 -.064 -.121 -.175** .088 -.045 .144** -.094 -.048 .020 -.060 -.007 -.110 -.191** .050 -.104 -.039 -.017 -.061 -.089*
N 426 449 452 450 448 451 - 271 271 269 268 466 247 248 248 243 519 293 243 243 243 292 292 275 278 250 493 396 278 524
r .155** .099 .096 .193** .082 -.090 .253** - .447** .398** .261** .340** -.020 .097 .149* .187* .358** .018 .172* .215** .173** .196** .144** .398** .171**
N 283 304 309 306 305 307 248 - 359 356 355 354 0 0 0 0 337 174 185 185 185 174 174 359 359 0 315 359 359 357
r .112 .085 .086 .160** -.085 -.115 .157* .403** - .406** .343** .339** -.040 .152* .073 .231** .219** .067 .197** .103 .133* .148** .073 .251** .078
N 250 271 276 273 272 274 221 276 - 356 355 354 0 0 0 0 337 174 185 185 185 174 174 359 359 0 315 359 359 357
r .183** .168** .116 .076 -.042 -.059 .066 .444** .334** - .156** .192** -.031 .074 .149* .171* .170* .009 .185* .054 .100 .132* .051 .198** .101
N 250 271 276 273 272 274 221 276 276 - 354 353 0 0 0 0 335 172 184 184 184 172 172 356 356 0 314 356 356 354
r .003 -.102 .084 .095 -.059 .024 .041 .282** .310** .358** - .292** .022 .124 .238** .187* .313** .157* .151* .213** .196** .201** .218** .305** .161**
N 282 303 308 305 304 306 247 308 275 275 - 353 0 0 0 0 335 171 184 184 184 171 171 355 355 0 313 355 355 353
r .090* .028 .101* .120** .082 -.016 .166** .188** .237** .093 .189** - .019 -.085 .134* .278** -.047 .246** .270** .321** .328** .198** .321** .206** .150** .255** .304** .155** .433** .249**
N 481 503 507 503 500 504 404 308 275 275 307 - 276 277 278 273 598 380 251 251 251 379 379 354 354 274 587 530 354 627
r -.165** -.205** -.032 -.037 .077 .001 .109 .102 .172 -.044 - .487** .156** .159** -.046 .147* .116 .067 .136 .193** .180** .218** .155** .260** .074
N 283 284 283 282 280 282 226 33 0 0 33 230 - 341 340 334 322 210 130 130 130 209 209 0 0 337 337 177 0 337
r -.125* -.257** -.079 -.101 -.199** .122* -.291** .090 .510** -.185** .345** - .155** .084 -.143* .132 .136 .104 .292** .105 .164* .221** .131* .246** .049
N 283 284 283 282 280 282 226 33 0 0 33 230 284 - 342 336 324 211 131 131 131 210 210 0 0 339 339 178 0 339
r -.031 -.064 -.098 .072 .017 -.035 .049 .221** .063 .023 - .555** .047 .250** .207* .180* .318** .166* .328** .326** .289** .371** .215**
N 252 253 252 251 249 251 199 0 0 0 0 200 250 250 - 337 324 210 132 132 132 209 209 0 0 339 339 177 0 339
r .071 .006 -.110 .183** -.172** -.115 .016 .241** -.012 .008 .522** - .083 .250** .116 .157 .263** .197** .300** .291** .286** .177* .248**
N 250 251 250 249 247 249 198 0 0 0 0 198 249 249 251 - 319 207 129 129 129 206 206 0 0 333 334 174 0 333
r -.146** .001 -.022 -.089* -.131** .062 -.158** -.309** -.063 -.090 -.027 -.111* .003 .037 -.051 -.124 - -.263** -.033 -.251** -.211** -.153** -.002 -.275** -.133* -.185** -.261** -.223** -.192** .033
N 526 546 551 548 546 550 439 295 262 262 294 486 276 276 245 243 - 373 310 310 310 372 372 342 345 326 633 514 345 668
r .040 -.049 -.069 -.026 -.013 .014 .003 .177** .110 .070 .197** .013 .054 .193 .144 .165 -.262** - .368** .439** .490** .442** .560** .529** .486** .388** .378**
N 265 288 291 289 286 289 236 253 253 253 252 283 32 32 31 31 281 - 0 0 0 399 399 178 182 211 348 358 182 389
r .089 -.049 .059 -.015 .105 -.027 .227** -.006 .152 .088 .212 .201** .139* .139* .333** .313** -.187** - .362** .378** .463** .443** .129 .246** .298** .345** .150**
N 281 280 282 279 279 280 216 56 23 23 56 225 252 252 222 220 270 0 - 326 326 0 0 187 188 133 316 187 188 319
r .096 .013 .015 -.001 .152* -.108 .224** .138 .135 .006 .098 .125 -.054 .058 .212** .260** -.232** .489** - .497** .326** .309** .471** .427** .230** .484** .174**
N 281 280 282 279 279 280 216 56 23 23 56 225 252 252 222 220 270 0 283 - 326 0 0 187 188 133 316 187 188 319
r .012 -.051 -.030 .117 .021 -.012 .146* .089 .431* .327 .377** .095 .073 .174** .323** .283** -.364** .557** .502** - .764** .656** .691** .702** .552** .689** .439**
N 281 280 282 279 279 280 216 56 23 23 56 225 252 252 222 220 270 0 283 283 - 0 0 187 188 133 316 187 188 319
r -.020 .016 -.036 .025 .054 -.022 .123* .328** .145* .151* .186** .069 .185 .099 .143 .204 -.270** .357** .348* .439* .623** - .437** .426** .396** .269** .347** .454** .537** .227**
N 297 320 323 321 318 321 262 285 252 252 284 315 65 65 31 31 313 290 33 33 33 - 399 178 182 211 348 358 182 389
r .109 .048 -.013 -.012 -.002 -.022 .050 .250** .126* .190** .179** .018 -.004 -.057 .305 .196 -.174** .369** .473** - .337** .322** .477** .484** .416** .413** .355**
N 264 287 290 288 285 288 235 253 253 253 252 283 31 31 31 31 280 290 0 0 0 289 - 178 182 211 348 358 182 389
r .081 -.047 .009 .007 -.161** -.048 .015 .261** .228** .189** .339** .064 .473** .598** -.240** .455** .127 .039 .510** .368** .330** - .565** .596** .451** .500** .450**
N 286 307 312 309 308 310 250 309 276 276 308 308 33 33 0 0 298 256 56 56 56 288 256 - 365 0 315 365 365 363
r .077 .022 .215** .180** .071 -.001 .164* .079 .068 .077 .058 -.015 .097 .258 .062 .521** .171** .010 .234** - .555** .397** .402** .274**
N 255 276 282 278 277 279 224 275 275 275 274 274 0 0 0 0 267 258 24 24 24 257 258 278 - 0 315 365 370 363
r .012 -.007 -.160* -.023 -.004 -.040 .082 .043 .132* .276** .225** .189** -.381** .154 .437** .345** .691** .214 .233 - .663** .558** .363**
N 253 254 253 252 250 252 199 0 0 0 0 200 250 250 253 251 246 31 223 223 223 31 31 0 0 - 342 179 0 342
r .045 -.072 -.052 .095* -.047 -.072 .095 .296** .109 .145* .215** .097* .068 .163** .271** .222** -.360** .405** .433** .352** .722** .319** .263** .544** .442** .735** - .456** .568** .386**
N 476 499 502 498 495 500 398 249 216 216 248 446 281 281 251 249 481 223 280 280 280 255 223 249 216 252 - 494 315 656
r -.032 -.211** -.081 .047 .027 -.055 .072 .196** .135* .054 .240** .046 -.357** .519** -.151 -.334 .009 .467** .351** .432** .077 .504** - .401** .303**
N 252 273 278 275 274 276 222 275 275 275 274 274 0 0 0 0 264 255 23 23 23 254 255 278 277 0 215 - 365 542
r .065 .001 .028 .089 -.044 -.040 .054 .487** .290** .276** .328** .035 .407* .276 -.334** .351** .064 -.057 .436** .491** .472** .461** .108 .452** .498** - .386**
N 288 309 315 311 310 312 251 309 276 276 308 308 33 33 0 0 300 258 57 57 57 290 258 312 281 0 249 278 - 363
r -.051 -.029 -.030 -.037 .030 -.015 -.042 -.082 .014 .010 .110 .061 .075 .036 .134* .131* .160** -.084 -.006 -.002 -.001 .001 .041 -.001 .029 -.043 -.071 -.126 -.033 -
N 443 466 469 465 462 467 373 213 213 213 212 412 250 250 253 251 449 225 245 245 245 224 225 216 216 254 465 215 216 -
*p<.05; **p<.01; Time 1 below diagonal, time 2 above diagonal
Social support
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Table 25. Correlations IV-DV time 1 
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Age r .171** .045 .040 .258** -.049 .133* .091 .108
N 533 298 279 249 248 276 276 280
Tenure r .050 -.027 -.043 .134* -.063 .124* .148* .143*
N 555 321 278 250 249 298 298 302
Gender r -.074 -.013 -.084 -.005 .017 -.092 .015 .061
N 559 324 280 249 248 302 302 306
Degree of employment r .016 .019 .093 .191** .090 .164** .024 .112
N 555 322 277 248 247 299 299 303
Education level r -.164** -.025 .001 -.074 .144* -.129* -.008 -.102
N 552 319 277 246 245 298 298 302
Time at own workspace r -.059 -.038 -.072 -.090 .074 .074 .017 .064
N 556 322 278 248 247 300 300 304
Job Complexity r -.017 .092 .136* .036 .110 .038 .093 .047
N 446 263 214 197 197 243 243 246
Scope of action r .345** .285** .142 . . .294** .284** .329**
N 307 286 55 0 0 302 302 303
Variety r .347** .274** .240 . . .393** .252** .379**
N 274 253 23 0 0 269 269 270
Holistic job r .367** .154* .053 . . .307** .335** .334**
N 274 253 23 0 0 269 269 270
Social support r .450** .326** .236 . . .229** .332** .294**
N 306 285 55 0 0 301 301 302
Co-operation r .134** .117* .070 .289** .078 .069 .055 .138*
N 505 316 223 196 195 301 301 302
Cognitive demand at work r .037 .134 .029 .012 .182** .183 .357* .268
N 283 65 250 248 248 33 33 33
Quantitative overload at 
work 
r .116 .217 .083 -.021 .169** -.081 -.080 .142
N 283 65 250 248 248 33 33 33
Information and 
participation 
r .381** .355 .275** .447** .192** . . . 
N 252 31 221 249 248 0 0 0
Benefits r .414** .102 .285** .433** .195** . . . 
N 250 31 219 247 247 0 0 0
Social density r -.176** -.264** -.381** -.201** -.263** -.020 -.057 -.103
N 538 314 268 242 241 289 289 293
Environmental stressors r .239** .534** . .050 .168 .153* .119 .172**
N 283 291 0 31 32 246 246 252
Lighting r .219** .299 .510** .311** .266** -.089 .143 .158
N 277 33 281 219 217 56 56 54
Indoor climate r .259** .533** .493** .201** .276** -.164 .109 .323*
N 277 33 281 219 217 56 56 54
Workplace 
appropriateness 
r .315** .761** .819** .267** .384** .022 .177 .337*
N 277 33 281 219 217 56 56 54
Work and storage space r .323** .573** .479** .104 .084 .150* .166** .228**
N 315 323 32 31 32 278 278 284
Workspace quality r .314** .544** . .252 .171 .203** .204** .157*
N 282 290 0 30 31 246 246 252
Distraction r .400** .525** .462** . . .249** .255** .377**
N 307 289 55 0 0 302 302 306
Office noise r .023 .239** .502* . . .034 .079 .169**
N 273 258 24 0 0 268 268 272
Privacy r .308** .505** .584** .233** .378** . . . 
N 252 31 222 249 248 0 0 0
Privacy 2 r .275** .446** .622** .237** .286** .101 .141* .252**
N 497 256 278 247 246 242 243 244
Crowding r .286** .558** .129 . . .114 .181** .193**
N 273 255 23 0 0 268 268 272
Control r .427** .519** .309* . . .268** .245** .314**
N 307 291 56 0 0 302 302 306
Preference for enclosed 
area 
r .114* .010 -.013 .172** .127* .041 .021 -.003
N 463 225 244 249 248 206 207 213
*p<.05;  **p<.01 
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Table 26. Correlation IV-DV time 2 
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Age time 2 r -.023 -.183** -.051 .033 -.114* .048 -.129* -.028
N 652 361 314 325 333 309 308 321
Tenure time 2 r -.106** -.296** -.100 -.042 -.078 -.018 -.085 -.011
N 691 396 319 331 339 339 338 356
Gender time 2 r -.023 .015 -.050 .050 .115 -.041 -.045 -.057
N 585 331 273 270 276 299 299 312
Degree of employment 
time 2 
r -.004 .004 .005 .087 .023 .000 -.005 -.010
N 686 392 318 328 336 338 336 354
Education level time 2 r -.079* -.042 -.050 -.081 .041 .007 .072 -.151**
N 689 390 320 332 339 336 335 352
Time at own workspace 
time 2 
r -.168** -.262** -.128* -.241** -.144** .013 .018 -.097
N 689 395 319 330 338 340 338 356
Job Complexity time 2 r -.089* -.116* -.050 -.036 -.049 -.007 .034 -.125*
N 517 293 241 242 250 260 260 272
Scope of action time 2 r .329** .144 .316** . . .310** .300** .289**
N 355 174 185 0 0 341 341 354
Variety time 2 r .502** .166* .261** . . .298** .343** .230**
N 355 174 185 0 0 341 341 354
Holistic job time 2 r .360** .076 .175* . . .348** .200** .261**
N 353 172 184 0 0 341 341 352
Social support time 2 r .440** .222** .363** . . .170** .387** .257**
N 352 171 184 0 0 340 339 351
Co-operation time 2 r .313** .354** .306** .322** .175** .238** .283** .206**
N 628 380 251 269 275 338 338 350
Cognitive demand at 
work time 2 
r .111* .182** .078 .186** .340** . . . 
N 338 210 130 331 339 0 0 0
Quantitative overload at 
work time 2 
r .113* .117 .156 .083 .207** . . . 
N 340 211 131 333 341 0 0 0
Information and time 
2articipation time 2 
r .436** .407** .264** .455** .238** . . . 
N 341 210 132 334 340 0 0 0
Benefits time 2 r .472** .336** .207* .510** .213** . . . 
N 335 207 129 330 334 0 0 0
Social density time 2 r -.079* -.163** -.208** .070 -.021 .013 .037 -.216**
N 657 373 308 317 326 321 321 338
Environmental stressors 
time 2 
r .463** .588** . .347** .428** .132 .036 .260**
N 382 400 0 203 211 165 165 175
Lighting time 2 r .177** . .334** .115 .271** .232** .120 .320**
N 316 0 324 131 132 177 177 185
Indoor climate time 2 r .302** . .518** .026 .293** .235** .208** .290**
N 316 0 324 131 132 177 177 185
Workplace 
appropriateness time 2 
r .452** . .857** .213* .338** .209** .206** .618**
N 316 0 324 131 132 177 177 185
Work and storage space 
time 2 
r .279** .484** . .308** .309** .257** .160* .322**
N 381 399 0 202 210 165 165 175
Workspace quality time 2 r .438** .626** . .415** .417** .308** .185* .236**
N 381 399 0 202 210 165 165 175
Distraction time 2 r .367** .546** .708** . . .104 .059 .438**
N 356 178 187 0 0 342 342 360
Office noise time 2 r .325** .514** .582** . . .118* .096 .290**
N 356 182 188 0 0 342 342 360
Privacy time 2 r .396** .650** .586** .294** .322** . . . 
N 339 211 133 331 340 0 0 0
Privacy 2 time 2 r .394** .619** .640** .327** .302** .127* .174** .389**
N 654 348 316 332 340 301 302 312
Crowding time 2 r .400** .549** .542** .373** .418** .137* .147** .302**
N 532 358 187 170 178 342 342 360
Control time 2 r .446** .563** .692** . . .282** .211** .434**
N 356 182 188 0 0 342 342 360
Preference for enclosed 
area time 2 
r .373** .451** .389** .255** .281** .126* .110* .356**
N 693 389 319 331 340 340 340 358
*p<.05;  **p<.01 
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Table 27.  DV correlat ion matrix (Time 1 below diagonal,  t ime 2 above 
diagonal,  diagonal = t ime 1 – t ime 2 correlat ion) 
 
 1. 2. 3. 4. 5. 6. 7. 8. 
1. Job satisfaction r .675** .212** .214* .626** .271** .346** .369** .254**
 N 256 150 109 114 114 137 136 140
2. Work area satisfaction r .432** .364** . .066 .040 .120 .128 -.017
 N 316 151 0 26 26 119 118 122
3. Overall environmental satisfaction r .348** .635** .267** .251* .302** .043 .241 .352
 N 275 32 109 88 88 19 19 19
4. Commitment r .705** .345 .289** .764** .225* . . . 
 N 249 31 218 112 112 0 0 0
5. (Log of) health status r .301** .281 .350** .238** .682** . . . 
 N 249 32 216 246 113 0 0 0
6. (Sqrt of) Self-assessed job performance r .300** .200** .003 . . .592** .408** .181*
 N 302 279 55 0 0 135 134 137
7. (Log of) Self-assessed job performance 
based on Feedbacks 
r .315** .206** .171 . . .606** .508** .201*
 N 302 279 55 0 0 301 135 138
8. (Sqrt of) Situational job performance r .382** .324** .454** . . .421** .432** .409**
 N 301 285 53 0 0 297 297 138
*p<.05;  **p<.01 
 
 
10.2. Longitudinal comparison of means 
The s tudy des ign of  the f i rs t  s tudy inc ludes a cont ro l  group that  a l lows the 
compar ison of  the exper imenta l  groups wi th  a  non- t reatment  group.  The longi tud ina l  
compar isons of  means re fer  to  hypotheses 1a – 1d,  2a – 2e,  and 3 (chapter  9.1) .  
In  order  to check the t reatment ,  perce ived soc ia l  dens i ty was compared between 
organisat ions (F igure 27) .   
 
 
 
 
Figure 27. Perceived social density for the matched longitudinal sample 
at the two t ime points 
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This  check descr ibes the d i f ferent  in tens i ty o f  changes in  the d i f ferent  organisat ions 
s tud ied.  As can be seen f rom F igure 27 the magni tude of  the changes regard ing 
soc ia l  dens i ty in  organisat ions A and B is  cons iderably h igher  than for  organisat ions 
C and D.  The resul ts  o f  the longi tud ina l  compar isons of  means are descr ibed in  the 
fo l lowing sect ions.  
10.2.1. Longitudinal changes in perceived office 
environment 
Character is t ics  of  the of f ice env i ronment  are expected to d i f fer  between the 
exper imenta l  and cont ro l  groups.  Table 28 presents  the mean va lues at  the two 
po in ts  of  t ime for  both,  the exper imenta l  group and the cont ro l  group20.  
Table 28. Means, standard deviations, and within-group tests for 
experimental and control groups at  each point in t ime for characterist ics 
of the off ice environment in the longitudinal sample  
 Longi tud ina l  sample 
Off ice environment character ist ics Exper imental  group
Mean (SD) 
Control  group
Mean (SD) 
Envi ronmenta l  s t ressors  1 4 .78 (1.68)  4 .68 (1.77)  
Env i ronmenta l  s t ressors  2 4 .25**  (1.62)  4 .28 (1.69)  
L ight ing 1 5 .38 (1.28)  4 .82 (1.64)  
L ight ing 2 4 .75**  (1.41)  4 .86 (1.63)  
Indoor  c l imate 1 4 .13 (1.57)  4 .57 (1.55)  
Indoor  c l imate 2 3 .28**  (1.59)  4 .37 (1.67)  
Workp lace appropr ia teness 1 4 .61 (1.16)  4 .43 (1.43)  
Workp lace appropr ia teness 2 3 .88***  (1.10)  4 .49 (1.44)  
Work and s torage space 1 5.62 (1.47)  5 .44 (1.39)  
Work and s torage space 2 4.99**  (1.80)  5 .43 (1.33)  
Workspace qual i ty 1  4 .87 (1.35)  4 .52 (1.69)  
Workspace qual i ty 2  5 .30***  (1.17)  4 .74 (1.64)  
Dis t rac t ions 1 4 .92 (1.14)  4 .96 (1.16)  
Dis t rac t ions 2 3 .77***  (1.44)  5 .12 (1.22)  
Of f ice no ise 1 4 .47 (1.35)  4 .73 (1.22)  
Of f ice no ise 2 4 .27 (1.30)  4 .59 (1.36)  
Pr ivacy 1 3 .48 (0.86)  3 .12 (0.84)  
Pr ivacy 2 2 .64***  (0.78)  3 .07 (0.75)  
2- i tem Pr ivacy 1  3 .13 (1.35)  2 .78 (1.33)  
2- i tem Pr ivacy 2  2 .00***  (1.14)  2 .78 (1.40)  
Crowding 1 5.61 (1.46)  5 .01 (1.60)  
Crowding 2 4 .83***  (1.45)  5 .08 (1.20)  
Contro l  1 4 .76 (1.06)  4 .31 (1.35)  
Contro l  2 4 .13***  (1.26)  4 .25 (1.25)  
Preference for  enc losed area 1 2.69 (1.38)  2 .90 (1.63)  
Preference for  enc losed area 2 2 .98**  (1.51)  3 .05 (1.52)  
( *p<.05;  **p<.01;  ***p<.001 for  d i f ferences across t ime wi th in  group)  
 
In  the f i rs t  s tudy a cont ro l  group was employed in  order  to determine causat ion in 
changes of  the phys ica l  o f f ice env i ronments in  the exper imenta l  groups.  Based on 
                                                          
20 H igh  va lues  rep resent  pos i t i ve  assessments  o r  exper iences .  
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the log ic  of  us ing a cont ro l  group in  the quas i-exper imenta l  research des ign,  no 
d i f ferences between the two po in ts  o f  measurement  in  t ime in  the cont ro l  group 
should  occur .  Th is  assumpt ion is  formulated in  Hypothes is  1b which is  conf i rmed by 
the repeated measures t - tests  presented in Table 28.  
 
Table 29. ANCOVA results for the effects of  t ime and organisation on 
environmental stressors 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .173 1,  140 .00 
Tenure .529 1,  140 .00 
Gender  1 .987 1,  140 .01 
Main ef fects     
Organisat ion 7.855***  4 ,140 .18 
T ime .031 1,140 .00 
In teract ion e f fects    
Time X Educat ion .363 1,140 .00 
T ime X Tenure 2.353 1,140 .02 
T ime X Gender  2 .206 1,140 .02 
T ime X Organisat ion 5.720***  4 ,140 .14 
n   148 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
 
 
Figure 28. Organisation X Time interaction in the analysis of  perceived 
environmental stressors21 
In  order  to tes t  the e f fec t o f  o f f ice change on percept ions and assessments  of  the 
of f ice env ironments ,  a ser ies  o f  repeated measures analyses of  var iance for  each 
of f ice env ironment  character is t ic  was per formed.  Organisat ion was the between-
subjects  var iab le ,  and t ime was the wi th in-subjects  var iab le .  Covar iates inc luded 
                                                          
21 Es t ima ted  marg ina l  means  rep resent  ad jus ted  g roup  means ,  i . e .  g roup  means  tha t  a re  
ad jus ted  fo r  the  e f fec t  o f  the  covar ia tes .  
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were tenure /  age22,  gender ,  and educat ion leve l ,  as  prev ious research ind icates that  
these var iables may af fect  wel l -be ing (Warr ,  1990)  and work per formance (T .  W.  H.  
Ng & Feldman,  2008,  2010) .   
Genera l ly,  in  the repeated measures ANCOVAs for  of f ice env i ronment  character is t ics  
no main ef fects  o f  organisat ion or  t ime are expected.  Rather ,  an organisat ion-x- t ime 
in teract ion is  expected ind icat ing that  there are no changes in  the cont ro l  group but  
in  the exper imenta l  groups.   
Table 30. ANCOVA results for the effects of  t ime and organisation on 
perceived l ighting condit ions 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .493 1,  98 .01 
Age 3.926 1,  98 .04 
Gender  8 .425**  1 ,  98 .08 
Main ef fects     
Organisat ion 2.076 3,98 .06 
T ime .359 1,98 .00 
In teract ion e f fects    
Time X Educat ion 1.179 1,98 .01 
T ime X Age .957 1,98 .01 
T ime X Gender  .358 1,98 .00 
T ime X Organisat ion 3.345*  3 ,98 .09 
n   107 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
 
Figure 29. Organisation X Time interaction in the analysis of  perceived 
l ighting condit ions 
There was no s ign i f icant  main ef fect  o f  t ime on env i ronmenta l  s t ressors (Table 29) .  
However ,  the ef fect  of  organisat ion on envi ronmenta l  s t ressors  was h igh ly s ign i f icant  
and of  medium to  large s ize.  There was a s ign i f icant  in teract ion ef fect  between 
organisat ion and t ime on env i ronmenta l  s t ressors .  Th is  ind icates that  par t ic ipants ’  
                                                          
22 Da ta  on  age cou ld  no t  be  co l l ec ted  in  o rgan isa t i on  D due  to  con f iden t ia l i t y  requ i rements  o f  
tha t  o rgan isa t ion .  Fo r  ana lyses  where  da ta  f rom o rgan isa t i on  D a re  ava i l ab le ,  tenure  ins tead  
o f  age i s  en te red  in to  the  repea ted  measures  ANCOVAs as  a  covar ia te .   
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percept ions of  env i ronmenta l  s t ress in  re la t ion to  changes in  the of f ice env i ronment  
were af fected d i f ferent ly  in  d i f ferent  organisat ions (F igure 28) .  
 
There was no s ign i f icant  main ef fect  o f  t ime or  organisat ion on perce ived l ight ing 
qual i ty (Table 30) .  There was a s ign i f icant  interact ion ef fect  between organisat ion 
and t ime on perce ived l ight ing qual i ty.  Th is interact ion is  presented in F igure 29.  
Fur thermore,  gender  (covar ia te)  had a s ign i f icant  ef fect .  Spec i f ica l ly,  men repor ted 
h igher  sat is fact ion wi th  l ight ing condi t ions (M = 5.32,  SE = 0.16)  than women (M = 
4.43,  SE = 0.29) .  
 
There was no s ign i f icant  main ef fect  o f  t ime on perce ived indoor  c l imate (Table 31) .  
There was a s ign i f icant  main ef fect  o f  organisat ion and a s ign i f icant  interact ion of  
t ime and organisat ion (F igure 30) .  
Table 31. ANCOVA results for the effects of  t ime and organisation on 
perceived indoor cl imate 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .143 1,  100 .02 
Age 3.812 1,  100 .04 
Gender  .303 1,  100 .08 
Main ef fects     
Organisat ion 4.087**  3 ,100 .11 
T ime .032 1,100 .00 
In teract ion e f fects    
Time X Educat ion .904 1,100 .01 
T ime X Age .197 1,100 .00 
T ime X Gender  .027 1,100 .00 
T ime X Organisat ion 8.829***  3 ,100 .21 
n   107 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
 
 
Figure 30. Interaction of t ime and organisation in the longitudinal 
analysis of  perceived indoor cl imate 
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There was no s ign i f icant  main ef fect  o f  t ime on workp lace appropr ia teness (Table 
32) .  Nei ther  was there a main ef fect  o f  organisat ion.  There was a s ign i f icant  
in teract ion of  t ime-x-organisat ion (F igure 31) .  Fur thermore,  there was a s ign i f icant  
in teract ion between gender  and t ime (F (1,100)  =  5.90,  p <  .05,  par t ia l  η2  =  .06)  and 
a s ign i f icant  e f fec t  of  age (covar ia te)  (F (1,100)  =  4.33,  p < .05,  par t ia l  η2  = .04)  
(pos i t ive assoc ia t ion between age and perce ived workp lace appropr iateness) .  The 
gender-x- t ime interact ion ind icates that  men reacted s t ronger  to  the change and 
ra ted the appropr ia teness of  the i r  workp lace more negat ive ly than women (F igure 
32) .  
 
Table 32. ANCOVA results for the effects of  t ime and organisation on 
perceived workplace appropriateness 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .820 1,  100 .00 
Age 4.334*  1 ,  100 .04 
Gender  .051 1,  100 .00 
Main ef fects     
Organisat ion 2.306 3,100 .07 
T ime 3.017 1,100 .03 
In teract ion e f fects    
Time X Educat ion .945 1,100 .01 
T ime X Age 3.217 1,100 .03 
T ime X Gender  5 .899*  1 ,100 .06 
T ime X Organisat ion 10.391***  3 ,100 .24 
n   107 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
 
 
Figure 31. Interaction of t ime and organisation in the longitudinal 
analysis of  workplace appropriateness 
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Figure 32. Interaction of t ime and gender in the longitudinal analysis of 
workplace appropriateness 
For  work and s torage space assessment  there was no s tat is t ica l ly s ign i f icant  main 
ef fect  o f  t ime (Table 33) .  There was a s ign i f icant  main ef fect  of  organisat ion and a 
s ign i f icant  t ime-x-organisat ion interact ion (F igure 33) .  
 
Table 33. ANCOVA results for the effects of  t ime and organisation on 
assessment of  work and storage spaces 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .853 1,  139 .01 
Tenure .511 1,  139 .01 
Gender  .045 1,  139 .00 
Main ef fects     
Organisat ion 7.634***  4 ,  139 .18 
T ime 2.765 1,  139 .02 
In teract ion e f fects    
Time X Educat ion 1.819 1,  139 .01 
T ime X Tenure 2.261 1,  139 .02 
T ime X Gender  2 .613 1,  139 .02 
T ime X Organisat ion 6.848***  4 ,  139 .17 
n   147 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
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Figure 33. Time-x-organisation interaction in the analysis of work and 
storage space assessment 
 
There were s ign i f icant  main e f fects  for  t ime and organisat ion (Table 34)  on 
workspace qual i ty.  The in teract ion of  t ime and organisat ion was s ta t is t ica l ly 
s ign i f icant  (F igure 34)  as  was the in teract ion between t ime and educat ion.   
 
Table 34. ANCOVA results for the effects of  t ime and organisation on 
assessment of  workspace quality 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .431 1,  139 .00 
Tenure .016 1,  139 .00 
Gender  .053 1,  139 .00 
Main ef fects     
Organisat ion 3.293*  4 ,  139 .09 
T ime 15.480***  1 ,  139 .10 
In teract ion e f fects    
Time X Educat ion 7.006**  1 ,  139 .05 
T ime X Tenure 3.649 1,  139 .03 
T ime X Gender  2 .746 1,  139 .02 
T ime X Organisat ion 2.962*  4 ,  139 .08 
n   147 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
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Figure 34. Interaction of t ime and organisation in the longitudinal 
analysis of  workspace quality 
There was no s ign i f icant  main e f fect  for  t ime on d is t ract ions (Table 35) .  The main 
e f fect  for  organisat ion was h igh ly s ign i f icant  as was the in teract ion of  t ime and 
organisat ion (F igure 35) .  
Fur thermore,  there was a s ign i f icant  e f fect  of  educat ion level  (covar iate)  and a 
s ign i f icant  in teract ion between t ime and tenure ind icat ing a s t ronger  increase in 
perce ived d is t ract ions for  employees wi th  h igher  tenure between the two points  in 
t ime.  Educat ion leve l  is  negat ive ly re la ted to  d is t ract ions af ter  change.  
 
Table 35. ANCOVA results for the effects of  t ime and organisation on 
assessment of  distractions 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion 4.831*  1 ,  130 .04 
Tenure 1.956 1,  130 .02 
Gender  .732 1,  130 .01 
Main ef fects     
Organisat ion 5.572***  4 ,  130 .15 
T ime .071 1,  130 .00 
In teract ion e f fects    
Time X Educat ion .417 1,  130 .00 
T ime X Tenure 6.404*  1 ,  130 .05 
T ime X Gender  .611 1,  130 .01 
T ime X Organisat ion 8.401***  4 ,  130 .21 
n   138 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
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Figure 35. Interaction of t ime and organisation in the longitudinal 
analysis of  distractions 
 
There was no s ign i f icant  main e f fect  for  t ime on perce ived noise (Table 36) .  There 
was a s ign i f icant  main ef fect  o f  organisat ion on perce ived noise.  The interact ion 
between t ime and organisat ion was s ign i f icant  (F igure 36) .  Fur thermore,  there was a 
s ign i f icant  ef fect  o f  gender  (covar iate)  ind icat ing h igher  perce ived no ise leve ls  for  
women.  Addi t iona l ly,  a  s ign i f icant  interact ion between t ime and educat ion leve l  was 
found.  
 
Table 36. ANCOVA results for the effects of  t ime and organisation on 
perceived off ice noise 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .622 1,  130 .01 
Tenure .157 1,  130 .00 
Gender  4 .475*  1 ,  130 .03 
Main ef fects     
Organisat ion 16.161***  4 ,  130 .33 
T ime 2.317 1,  130 .02 
In teract ion e f fects    
Time X Educat ion 4.755*  1 ,  130 .04 
T ime X Tenure 1.662 1,  130 .01 
T ime X Gender  .028 1,  130 .00 
T ime X Organisat ion 6.681***  4 ,  130 .17 
n   138 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
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Figure 36. Interaction of t ime and organisation in the longitudinal 
analysis of  perceived off ice noise 
 
 
There was no s ign i f icant  main e f fect  for  t ime on pr ivacy (Table 37) .  There was a 
s ign i f icant  main ef fect  for  organisat ion on pr ivacy.  The interact ion of  t ime and 
organisat ion was s ign i f icant  (F igure 37) .  
 
Table 37. ANCOVA results for the effects of  t ime and organisation on 
perceived privacy 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .677 1,  106 .01 
Age .466 1,  106 .00 
Gender  1 .421 1,  106 .01 
Main ef fects     
Organisat ion 4.260**  3 ,  106 .11 
T ime .304 1,  106 .00 
In teract ion e f fects    
Time X Educat ion .011 1,  106 .00 
T ime X Age .901 1,  106 .01 
T ime X Gender  1 .065 1,  106 .01 
T ime X Organisat ion 7.791***  3 ,  106 .18 
n   113 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
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Figure 37. Interaction of t ime and organisation in the longitudinal 
analysis of  perceived privacy 
 
There was no s ign i f icant  main e f fect  for  t ime on crowding (Table 38) .  There was a 
s ign i f icant  main ef fect  for  organisat ion on crowding.  The interact ion of  t ime and 
organisat ion was s ign i f icant  (F igure 38) .  In  addi t ion,  there was a s ign i f icant  ef fect  o f  
gender  (covar ia te)  ind icat ing h igher  crowding s t ress for  women.  
 
Table 38. ANCOVA results for the effects of  t ime and organisation on 
crowding 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .216 1,  130 .00 
Tenure 1.390 1,  130 .01 
Gender  3 .933*  1 ,  130 .03 
Main ef fects     
Organisat ion 8.266***  4 ,  130 .20 
T ime .029 1,  130 .00 
In teract ion e f fects    
Time X Educat ion .775 1,  130 .01 
T ime X Tenure .683 1,  130 .01 
T ime X Gender  .009 1,  130 .00 
T ime X Organisat ion 7.914***  4 ,  130 .20 
n   138 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
 
  175 
 
 
Figure 38. Interaction of t ime and organisation in the longitudinal 
analysis of  crowding 
 
There was no s ign i f icant  main e f fec t  for  t ime on cont ro l  over  the env i ronment  (Table 
39) .  There was a s ign i f icant  main ef fect  for  organisat ion on cont ro l .  The in teract ion 
of  t ime and organisat ion was s ign i f icant  (F igure 39) .  In  addi t ion,  there was a 
s ign i f icant  in teract ion of  t ime and tenure,  ind icat ing that  h igher- tenure employees 
assess contro l  more negat ive ly a f ter  the change.  
 
Table 39. ANCOVA results for the effects of  t ime and organisation on 
perceived control over the work environment 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .002 1,  131 .00 
Tenure .080 1,  131 .00 
Gender  .086 1,  131 .00 
Main ef fects     
Organisat ion 2.679*  4 ,  131 .08 
T ime 3.467 1,  131 .03 
In teract ion e f fects    
Time X Educat ion 2.011 1,  131 .02 
T ime X Tenure 13.067***  1 ,  131 .09 
T ime X Gender  .681 1,  131 .01 
T ime X Organisat ion 5.430***  4 ,  131 .14 
n   139 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
 
 
  176 
 
 
Figure 39. Interaction of t ime and organisation in the longitudinal 
analysis of  control 
 
There were no s ign i f icant  main ef fects  for  t ime (Table 40)  and organisat ion on 
preference for  enc losed area.  The interact ion of  t ime and organisat ion was not  
s ign i f icant  e i ther .  
 
Table 40. ANCOVA results for the effects of  t ime and organisation on 
individual preferences for enclosed areas 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .772 1,  221 .00 
Tenure 1.377 1,  221 .01 
Gender  2 .547 1,  221 .01 
Main ef fects     
Organisat ion 2.331 4,  221 .04 
T ime 1.277 1,  221 .01 
In teract ion e f fects    
Time X Educat ion .003 1,  221 .00 
T ime X Tenure .677 1,  221 .00 
T ime X Gender  .049 1,  221 .00 
T ime X Organisat ion 1.385 4,  221 .02 
n   229 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
 
In  summary,  the long i tud ina l  changes in  off ice env i ronment  var iab les occurred as 
expected and formulated in  hypothes is  1a.  A s ign i f icant  interact ion ef fect  o f  t ime-x-
organisat ion can be observed on a l l  o f f ice env i ronment  var iab les except  on 
workspace qual i ty (where there are two separate main ef fects  o f  t ime and 
organisat ion)  and preference for  enc losed area.  With these two except ions,  
hypothes is  1a is  conf i rmed.  Whi le percept ions of  the of f ice env i ronment  change 
between t ime 1 (before in tervent ion)  and t ime 2 (a f ter  in tervent ion) ,  preferences 
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remain s tab le .  Changes in  the percept ion of  the of f ice env ironments  therefore seem 
not  to  be ref lec t ions of  changes in  preferences.  
The interact ion ef fects  show that  e f fects  o f  change are not  the same for  each 
organisat ion.  Measurements  in the cont ro l  group are s tab le and d i f ferences in pre-  
and post -change measurements  are smal l ,  espec ia l ly when compared to the 
exper imenta l  groups.  These resu l ts  suggest  that  there were no events  that  af fec ted 
the percept ions of  the of f ice env ironment  in the cont ro l  group.  Consequent ly,  i t  can 
be suggested that  the d i f ferences between exper imenta l  groups are re la ted to  
ob ject ive changes in  the work env i ronment  that  led to changes in  employee’s  
subject ive exper ience of  the workp lace.  
Fur thermore,  the d i rect ion of  change d i f fers  in the exper imenta l  groups.  
Organisat ions A and B show a very s imi lar  pat tern o f  change (wi th  the except ion of  
workspace qual i ty) .  A s imi lar ,  a l though less cons is tent ,  pat tern can a lso be observed 
for  organisat ions C and D.  In most  analyses,  organisat ion D is  the organisat ion wi th  
the h ighest  assessment  whi le  organ isat ion C usual ly is  the organisat ion wi th  the 
lowest  assessment  at  t ime 1.  At  t ime 2,  organisat ions C and D move toward each 
other  in some cases (perce ived env i ronmenta l  s t ressors ,  work and s torage space 
assessment ,  c rowding)  or  show a para l le l  increase (workspace qual i ty)  or  decrease 
(d is t ract ions) ,  or  hor izonta l  pat tern (perce ived of f ice no ise,  cont ro l )  in  assessments ,  
respect ive ly .  
10.2.2. Longitudinal changes in job characteristics 
Job character is t ics  are expected to remain unchanged by the changes of  the of f ice 
env i ronments (c f .  hypotheses 1c and 1d) .  Table 41 shows the descr ipt ive s ta t is t ics  o f  
the job character is t ics  var iab les at  the two po in ts  of  t ime.  High va lues represent  
pos i t ive assessments or  exper iences.  The d i f ferences between t ime 1 and t ime 2 are 
smal l  for  both,  the exper imenta l  group and the cont ro l  group.  As formulated in 
hypothes is  1d,  no change is  expected in  the cont ro l  group.  This  hypothes is  is  large ly 
conf i rmed by the resu l ts  d isp layed in  Table 41.  The conf i rmat ion of  hypothes is  1d is  
not  complete,  however ,  because there is  a s ta t is t ica l ly s ign i f icant  d i f ference in  co-
operat ion over  t ime for  the cont ro l  group.  
In  order  to tes t  the e f fec t  o f  o f f ice change on job character is t ics ,  I  conducted a ser ies 
of  repeated measures analyses of  var iance for  job character is t ics .  Organisat ion was 
the between-subjects  var iab le ,  and t ime was the wi th in-subjects  var iab le .  Four  
covar ia tes were inc luded:  job complex i ty,  tenure,  gender ,  and educat ion leve l .   
 
There was no s ign i f icant  main ef fect  o f  t ime for  scope of  ac t ion (Table 42) .  There 
was no s igni f icant  main e f fect  o f  organisat ion e i ther .  The t ime-x-organisat ion 
in teract ion was not  s ign i f icant .  These resu l ts  ind icate that  there was ne i ther  a 
d i f ference between the two poin ts  in t ime nor  between the organisat ions.  
S imi lar  resul ts  were found for  var ie ty (Table 43) ,  ho l is t ic  job (Table 44) ,  soc ia l  
suppor t  (Table 45) ,  co-operat ion (Table 46) ,  cogni t ive demand at  work (Table 47) ,  
and benef i ts  (Table 50) .   
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Table 41. Means, standard deviations, and within-group tests for 
experimental and control  groups at  each point in t ime for job 
characteristics in the longitudinal sample  
 Longi tud ina l  sample 
Job character ist ic Experimental  group
Mean (SD) 
Control  group
Mean (SD) 
Scope of  act ion 1 3 .65 (0.73)  3 .41 (0.84)  
Scope of  act ion 2 3 .59 (0.74)  3 .60 (0.64)  
Var ie ty 1  3 .89 (0.79)  3 .89 (0.78)  
Var ie ty 2  3 .81 (0.76)  3 .85 (0.64)  
Hol is t ic  job 1 3.52 (0.86)  3 .65 (0.82)  
Hol is t ic  job 2 3.51 (0.86)  3 .77 (0.82)  
Soc ia l  suppor t  1 4 .06 (0.87)  3 .91 (0.82)  
Soc ia l  suppor t  2 4 .03 (0.78)  3 .96 (0.74)  
Co-operat ion 1 4 .08 (0.84)  4 .07 (0.86)  
Co-operat ion 2 4 .01 (0.87)  4 .32*  (0.81)  
Cogni t ive demand at  work 1 4 .13 (1.00)  4 .06 (0.88)  
Cogni t ive demand at  work 2 4 .06 (0.77)  4 .07 (0.73)  
Quant i ta t ive over load at  work 1  2 .94 (0.96)  3 .17 (1.10)  
Quant i ta t ive over load at  work 2  2 .95 (0.97)  3 .07 (1.11)  
In format ion and par t ic ipat ion 1 3 .21 (0.87)  2 .43 (1.06)  
In format ion and par t ic ipat ion 2 2 .97**  (0.99)  2 .72 (1.11)  
Benef i ts  1 3 .23 (0.93)  2 .76 (1.07)  
Benef i ts  2 3 .34 (0.91)  3 .03 (1.21)  
*p<.05;  **p<.01 for  d i f ferences across t ime wi th in  group 
 
 
Table 42. ANCOVA results for the effects of  t ime and organisation on 
scope of action 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Job Complex i ty  .999 1,  109 .01 
Educat ion .090 1,  109 .00 
Tenure .227 1,  109 .00 
Gender  .773 1,  109 .01 
Main ef fects     
Organisat ion .409 4,  109 .02 
T ime 2.096 1,  109 .02 
In teract ion e f fects    
Time X Job Complex i ty  .042 1,  109 .00 
T ime X Educat ion .076 1,  109 .00 
T ime X Tenure 8.958**  1 ,  109 .08 
T ime X Gender  1 .181 1,  109 .01 
T ime X Organisat ion 1.900 4,  109 .07 
n   118 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
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Table 43. ANCOVA results for the effects of  t ime and organisation on 
variety 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Job Complex i ty  .240 1,  109 .00 
Educat ion 1.627 1,  109 .02 
Tenure .047 1,  109 .00 
Gender  6 .379*  1 ,  109 .06 
Main ef fects     
Organisat ion .631 4,  109 .02 
T ime 2.707 1,  109 .02 
In teract ion e f fects    
Time X Job Complex i ty  3 .085 1,  109 .03 
T ime X Educat ion .003 1,  109 .00 
T ime X Tenure 2.666 1,  109 .02 
T ime X Gender  .007 1,  109 .00 
T ime X Organisat ion 1.252 4,  109 .04 
n   118 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
Table 44. ANCOVA results for the effects of  t ime and organisation on 
holist ic job 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Job Complex i ty  .463 1,  109 .00 
Educat ion .228 1,  109 .00 
Tenure 2.297 1,  109 .02 
Gender  .457 1,  109 .00 
Main ef fects     
Organisat ion .392 4,  109 .01 
T ime 1.831 1,  109 .02 
In teract ion e f fects    
Time X Job Complex i ty  .468 1,  109 .00 
T ime X Educat ion .023 1,  109 .00 
T ime X Tenure 9.208**  1 ,  109 .08 
T ime X Gender  .080 1,  109 .00 
T ime X Organisat ion .950 4,  109 .03 
n   118 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
There was a s ign i f icant  main ef fect  for  t ime on quant i tat ive over load (Table 48) .  
There was no s ign i f icant  t ime-x-organisat ion interact ion.  The main e f fect  o f  t ime has 
i ts  roots  in  a  s ign i f icant  in teract ion of  t ime-x- tenure and the pa i rwise compar ison 
between the two t ime po in ts  is  not  s ign i f icant .  The s ign i f icant  t ime-x- tenure 
in teract ion shows that  h igh- tenure employees exper ienced an increase in  quant i tat ive 
over load wh i le  low- tenure employees repor t  no change.  
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Table 45. ANCOVA results for the effects of  t ime and organisation on 
social  support 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Job Complex i ty  2 .698 1,  107 .03 
Educat ion .226 1,  107 .00 
Tenure .589 1,  107 .01 
Gender  8 .635**  1 ,  107 .08 
Main ef fects     
Organisat ion 1.779 4,  107 .06 
T ime 3.289 1,  107 .03 
In teract ion e f fects    
Time X Job Complex i ty  1 .436 1,  107 .01 
T ime X Educat ion .200 1,  107 .00 
T ime X Tenure 1.081 1,  107 .01 
T ime X Gender  7 .432**  1 ,  107 .07 
T ime X Organisat ion 1.090 4,  107 .04 
n   116 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
Table 46. ANCOVA results for the effects of  t ime and organisation on co-
operation 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Job Complex i ty  4 .695*  1 ,  172 .03 
Educat ion .584 1,  172 .00 
Tenure 2.812 1,  172 .02 
Gender  .216 1,  172 .00 
Main ef fects     
Organisat ion 2.292 4,  172 .05 
T ime .223 1,  172 .00 
In teract ion e f fects    
Time X Job Complex i ty  3 .188 1,  172 .02 
T ime X Educat ion .095 1,  172 .00 
T ime X Tenure .022 1,  172 .00 
T ime X Gender  1 .730 1,  172 .01 
T ime X Organisat ion 1.599 4,  172 .04 
n   181 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
Table 47. ANCOVA results for the effects of  t ime and organisation on 
cognit ive demand 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Job Complex i ty  .517 1,  89 .01 
Educat ion 1.167 1,  89 .01 
Tenure 8.855**  1 ,  89 .02 
Gender  1 .592 1,  89 .02 
Main ef fects     
Organisat ion .454 3,  89 .02 
T ime .007 1,  89 .00 
In teract ion e f fects    
Time X Job Complex i ty  1 .430 1,  89 .02 
T ime X Educat ion .123 1,  89 .00 
T ime X Tenure 3.491 1,  89 .04 
T ime X Gender  .213 1,  89 .00 
T ime X Organisat ion .633 3,  89 .02 
n   97 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
  181 
 
 
Table 48. ANCOVA results for the effects of  t ime and organisation on 
quantitat ive overload 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Job Complex i ty  .046 1,  89 .00 
Educat ion .000 1,  89 .00 
Tenure 2.511 1,  89 .03 
Gender  7 .155**  1 ,  89 .07 
Main ef fects     
Organisat ion 1.102 3,  89 .04 
T ime 6.086*  1 ,  89 .06 
In teract ion e f fects    
Time X Job Complex i ty  2 .320 1,  89 .03 
T ime X Educat ion .112 1,  89 .00 
T ime X Tenure 8.882**  1 ,  89 .09 
T ime X Gender  1 .597 1,  89 .02 
T ime X Organisat ion .401 3,  89 .01 
n   97 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
Table 49. ANCOVA results for the effects of  t ime and organisation on 
information and participation 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Job Complex i ty  .199 1,  90 .00 
Educat ion .117 1,  90 .00 
Tenure .321 1,  90 .00 
Gender  .408 1,  90 .01 
Main ef fects     
Organisat ion 2.476 3,  90 .08 
T ime 2.289 1,  90 .03 
In teract ion e f fects    
Time X Job Complex i ty  3 .976*  1 ,  90 .04 
T ime X Educat ion .820 1,  90 .01 
T ime X Tenure .176 1,  90 .00 
T ime X Gender  .344 1,  90 .00 
T ime X Organisat ion 2.782*  3 ,  90 .09 
n   98 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
Table 50. ANCOVA results for the effects of  t ime and organisation on 
benefits 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Job Complex i ty  .854 1,  88 .01 
Educat ion .006 1,  88 .00 
Tenure 1.664 1,  88 .02 
Gender  2 .627 1,  88 .03 
Main ef fects     
Organisat ion 1.736 3,  88 .06 
T ime .309 1,  88 .00 
In teract ion e f fects    
Time X Job Complex i ty  .261 1,  88 .00 
T ime X Educat ion 4.745*  1 ,  88 .05 
T ime X Tenure .584 1,  88 .01 
T ime X Gender  1 .263 1,  88 .01 
T ime X Organisat ion .561 3,  88 .02 
n   96 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
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There was a s ign i f icant  in teract ion ef fect  o f  t ime-x-organisat ion in  informat ion and 
par t ic ipat ion (Table 49) .  There were no corresponding main ef fects .  Th is  e f fect  
ind icates that  perce ived in format ion and par t ic ipat ion decreased in  three 
exper imenta l  groups,  but  not  in the cont ro l  group (F igure 40) .  
 
 
 
Figure 40. Interaction of t ime and organisation in the analysis of 
perceived information and participation 
 
In  summary,  there were no main ef fects  o f  t ime or  organisat ion on job character is t ics .  
There was a s ign i f icant  in teract ion ef fect  o f  t ime-x-organisat ion on perce ived 
in format ion and par t ic ipat ion suggest ing a decrease in  the exper imenta l  groups that  
may be at t r ibutab le  to  the change in  o f f ice des ign and/or  the corresponding change 
management  process because i t  is  not  para l le led by a corresponding change in  the 
cont ro l  organisat ion.  With  the except ion of  perce ived in format ion and par t ic ipat ion in  
the exper imenta l  groups and co-operat ion in the cont ro l  group,  hypotheses 1c and 1d 
are conf i rmed.  
10.2.3. Longitudinal changes in outcomes 
To test  the ef fect  o f  of f ice change on selected outcomes,  a  th i rd  ser ies o f  repeated 
measures analyses of  var iance for  each outcome was per formed.  Organisat ion was 
the between-subjects  var iab le ,  and t ime was the wi th in-subjects  var iab le .  Covar ia tes 
inc luded were:  tenure /  age23,  gender ,  and educat ion leve l .   
 
There was no s ign i f icant  main e f fect  for  t ime on job sat is fac t ion (Table 51) .  There 
was no s igni f icant  main e f fect  for  organisat ion on job sat is fac t ion.  The in teract ion of  
                                                          
23 Da ta  on  age cou ld  no t  be  co l l ec ted  in  o rgan isa t i on  D due  to  con f iden t ia l i t y  requ i rements  o f  
tha t  o rgan isa t ion .  Fo r  ana lyses  where  da ta  f rom o rgan isa t i on  D a re  ava i l ab le ,  tenure  ins tead  
o f  age i s  en te red  in to  the  repea ted  measures  ANCOVAs as  a  covar ia te .   
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t ime and organisat ion was s ign i f icant  (F igure 41) .  Th is  resu l t  conf i rms hypothes is  2a.  
In  addi t ion,  there was a s ign i f icant  in teract ion of  t ime and tenure.  F ina l ly,  there was 
a s ign i f icant  e f fect  of  leve l  o f  educat ion (covar ia te)  ind icat ing a negat ive re la t ionship  
between leve l  o f  educat ion and job sat is fact ion.   
 
Table 51. ANCOVA results for the effects of  t ime and organisation on job 
satisfaction 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion 5.535*  1 ,  242 .02 
Tenure .283 1,  242 .00 
Gender  .055 1,  242 .00 
Main ef fects     
Organisat ion 1.997 4,  242 .03 
T ime 1.836 1,  242 .01 
In teract ion e f fects    
Time X Educat ion .709 1,  242 .00 
T ime X Tenure 4.294*  1 ,  242 .02 
T ime X Gender  .075 1,  242 .00 
T ime X Organisat ion 5.502***  4 ,  242 .08 
n   250 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
 
 
Figure 41. Interaction of t ime and organisation in the longitudinal 
analysis of job satisfaction 
 
 
There was no s ign i f icant  main ef fect  for  t ime on work area sat is fact ion (Table 52) .  
There was a s ign i f icant  main ef fect  for  organisat ion on work  area sat is fact ion.  The 
in teract ion of  t ime and organisat ion was s ign i f icant  (F igure 42)  which conf i rms 
hypothes is  2b.  There was a s ign i f icant  ef fect  of  tenure (covar ia te)  ind icat ing a 
negat ive re la t ionship  between tenure and work area sat is fac t ion.  In  addi t ion,  there 
was a s ign i f icant  in teract ion of  t ime and tenure,  ind icat ing that  h igher- tenure 
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employees ’  sat is fact ion wi th  the work area is  reduced s t ronger  compared to low-
tenure employees at  t ime 2 than at  t ime 1.   
 
Table 52. ANCOVA results for the effects of  t ime and organisation on 
work area satisfaction 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .017 1,  140 .00 
Tenure 4.926*  1 ,  140 .03 
Gender  .434 1,  140 .00 
Main ef fects     
Organisat ion 5.182**  4 ,  140 .13 
T ime .936 1,  140 .01 
In teract ion e f fects    
Time X Educat ion .720 1,  140 .01 
T ime X Tenure 6.192*  1 ,  140 .04 
T ime X Gender  .039 1,  140 .00 
T ime X Organisat ion 5.482***  4 ,  140 .14 
n   148 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
 
 
 
Figure 42. Interaction of t ime and organisation in the longitudinal 
analysis of  work area satisfaction 
The main ef fects  o f  t ime and organisat ion on overa l l  env i ronmenta l  sat is fact ion were 
not  s ign i f icant  (Table 53) .  There was a s ign i f icant  interact ion between t ime and 
organisat ion (F igure 43) .  Th is  resu l t  conf i rms the analys is  o f  the ef fects  on work area 
sat is fact ion and a lso conf i rms hypothes is  2b.  
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Table 53. ANCOVA results for the effects of  t ime and organisation on 
overall  environmental satisfaction 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .000 1,  100 .00 
Age 3.806 1,  100 .04 
Gender  .003 1,  100 .00 
Main ef fects     
Organisat ion 2.106 3,  100 .06 
T ime 1.274 1,  100 .01 
In teract ion e f fects    
Time X Educat ion .415 1,  100 
 
.00 
T ime X Age 1.722 1,  100 .02 
T ime X Gender  1 .743 1,  100 .02 
T ime X Organisat ion 4.828**  3 ,  100 .13 
n   107 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
 
 
Figure 43. Interaction of t ime and organisation in the longitudinal 
analysis of  overal l  environmental satisfaction 
 
There was no s ign i f icant  main e f fect  o f  t ime on organisat ional  commitment  and there 
was no s igni f icant  main e f fect  o f  organisat ion on organisat ional  commitment  (Table 
54) .  There was no s igni f icant  interact ion between t ime and organisat ion.  There was a 
s ign i f icant  ef fec t  o f  age on organisat ional  commitment  ind icat ing a pos i t ive 
re la t ionship between age and organisat ional  commitment .  Hypothes is  2c therefore 
has to be re jected.   
There was no s ign i f icant  main e f fect  o f  t ime on heal th  symptoms and there was no 
s ign i f icant  main ef fect  o f  organisat ion on heal th  symptoms (Table 55) .  There was no 
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s ign i f icant  in teract ion between t ime and organisat ion.  Therefore a lso hypothes is  2d 
has to be re jected.  
 
Table 54. ANCOVA results for the effects of  t ime and organisation on 
organisational commitment 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .721 1,  104 .01 
Age 10.517**  1 ,  104 .09 
Gender  .026 1,  104 .00 
Main ef fects     
Organisat ion 1.653 3,  104 .05 
T ime .074 1,  104 .00 
In teract ion e f fects    
Time X Educat ion .124 1,  104 .00 
T ime X Age .275 1,  104 .00 
T ime X Gender  1 .210 1,  104 .01 
T ime X Organisat ion .271 3,  104 .01 
n   111 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
Table 55. ANCOVA results for the effects of  t ime and organisation on 
health symptoms 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .651 1,  104 .01 
Age .104 1,  104 .00 
Gender  .096 1,  104 .00 
Main ef fects     
Organisat ion 2.239 3,  104 .06 
T ime .665 1,  104 .01 
In teract ion e f fects    
Time X Educat ion .040 1,  104 .00 
T ime X Age .044 1,  104 .00 
T ime X Gender  .598 1,  104 .01 
T ime X Organisat ion 2.370 3,  104 .06 
n   111 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
There was no s ign i f icant  main e f fect  o f  t ime on se l f -assessed job per formance and 
there was no s ign i f icant  main e f fect  o f  organisat ion on se l f -assessed job per formance 
(Table 56) .  There was no s ign i f icant  in teract ion between t ime and organisat ion.  
There was no s ign i f icant  main e f fect  o f  t ime on se l f -assessed job per formance based 
on feedbacks and there was no s igni f icant  main ef fect  o f  organisat ion on se l f -
assessed job per formance based on feedbacks (Table 57) .  There was no s ign i f icant  
in teract ion between t ime and organisat ion.  There was a s ign i f icant  interact ion 
between t ime and tenure,  ind icat ing that  h igh- tenure employees assess the i r  
per formance h igher  than low- tenure employees at  t ime 1 but  lower  a t  t ime 2.   
 
There was no s ign i f icant  main ef fect  o f  t ime on s i tuat ional  job per formance (Table 
58) .  There was a s ign i f icant  main ef fect  o f  organisat ion on s i tuat ional  job 
per formance.  There was a s ign i f icant  interact ion between t ime and organisat ion 
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(F igure 44) .  Fur thermore,  there was a s ign i f icant  interact ion between t ime and 
tenure.  There was a lso an ef fect  of  leve l  o f  educat ion on s i tuat ional  job per formance,  
ind icat ing a negat ive re la t ionship  between leve l  o f  educat ion and s i tuat ional  job 
per formance.  
 
Table 56. ANCOVA results for the effects of  t ime and organisation on self-
assessed job performance 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .553 1,  122 .01 
Tenure .016 1,  122 .00 
Gender  .098 1,  122 .00 
Main ef fects     
Organisat ion .383 4,  122 .01 
T ime .004 1,  122 .00 
In teract ion e f fects    
Time X Educat ion .316 1,  122 .00 
T ime X Tenure 3.184 1,  122 .03 
T ime X Gender  1 .006 1,  122 .01 
T ime X Organisat ion 1.260 4,  122 .04 
n   130 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
Table 57. ANCOVA results for the effects of  t ime and organisation on self-
assessed job performance 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .030 1,  122 .00 
Tenure .035 1,  122 .00 
Gender  .006 1,  122 .00 
Main ef fects     
Organisat ion 1.013 4,  122 .03 
T ime 2.316 1,  122 .02 
In teract ion e f fects    
Time X Educat ion .003 1,  122 .00 
T ime X Tenure 7.191**  1 ,  122 .06 
T ime X Gender  1 .219 1,  122 .01 
T ime X Organisat ion .153 4,  122 .01 
n   130 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
 
Taken together ,  the resu l ts  on job per formance are equivocal .  Hypothes is  2e is  
conf i rmed for  s i tuat ional  job per formance and has to be re jected for  the other  two 
measures of  se l f -assessed job per formance.  
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Table 58. ANCOVA results for the effects of  t ime and organisation on self-
assessed job performance 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion 5.246*  1 ,  125 .04 
Tenure .109 1,  125 .00 
Gender  3 .832 1,  125 .03 
Main ef fects     
Organisat ion 3.323*  4 ,  125 .10 
T ime 1.050 1,  125 .01 
In teract ion e f fects    
Time X Educat ion .576 1,  125 .01 
T ime X Tenure 7.425**  1 ,  125 .06 
T ime X Gender  .638 1,  125 .01 
T ime X Organisat ion 4.718**  4 ,  125 .13 
n   133 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
 
 
 
Figure 44. Interaction of t ime and organisation in the longitudinal 
analysis of  situational job performance 
There was no s ign i f icant  main e f fect  o f  t ime on soc ia l  suppor t  as an e lement  of  soc ia l  
c l imate (Table 59)  and there was no s ign i f icant  main e f fect  o f  organisat ion on soc ia l  
suppor t .  There was no s ign i f icant  in teract ion between t ime and organisat ion.  
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Table 59. ANCOVA results for the effects of  t ime and organisation on 
social support  as part  of  social cl imate 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion 2.152 1,  99 .02 
Age .151 1,  99 .00 
Gender  1 .469 1,  99 .02 
Main ef fects     
Organisat ion .642 3,  99 .01 
T ime .600 1,  99 .01 
In teract ion e f fects    
Time X Educat ion .523 1,  99 .01 
T ime X Age 1.045 1,  99 .01 
T ime X Gender  .410 1,  99 .00 
T ime X Organisat ion 1.151 3,  99 .03 
n   106 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
There was no s ign i f icant  main ef fect  o f  t ime on psycholog ica l  c l imate (Table 60)  and 
there was no s ign i f icant  main e f fect  o f  organisat ion on soc ia l  suppor t .  There was no 
s ign i f icant  in teract ion between t ime and organisat ion.  There was a s ign i f icant  
in teract ion between t ime and educat ion (covar ia te)  ind icat ing a dec l ine in  
psycholog ica l  c l imate for  the group wi th  the h ighest  educat ion and an increase in 
psycholog ica l  c l imate for  the group wi th  the lowest  educat ion.  
 
Table 60. ANCOVA results for the effects of  t ime and organisation on 
psychological cl imate as part of  social  cl imate 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion 1.053 1,  98 .01 
Age 1.557 1,  98 .02 
Gender  .064 1,  98 .00 
Main ef fects     
Organisat ion 2.095 3,  98 .06 
T ime 2.940 1,  98 .03 
In teract ion e f fects    
Time X Educat ion 5.120*  1 ,  98 .05 
T ime X Age .201 1,  98 .00 
T ime X Gender  .019 1,  98 .00 
T ime X Organisat ion .672 3,  98 .02 
n   105 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
 
There was no s ign i f icant  main ef fect  o f  t ime on soc ia l  s t ress caused by co l leagues 
(Table 61)  and there was no s ign i f icant  main ef fect  o f  organisat ion on soc ia l  s t ress 
caused by co l leagues.  There was no s ign i f icant  in teract ion between t ime and 
organisat ion.  There was a s ign i f icant  interact ion between t ime and tenure (covar iate)  
ind icat ing an increase in  perce ived soc ia l  s t ress caused by co l leagues for  employees 
wi th  h igher  tenure.  Fur thermore,  there was a s ign i f icant  ef fect  o f  gender .  Women 
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exper ienced h igher  s t ress af ter  the change of  the of f ice env i ronment  whi le  men d id 
not .  
There was no s ign i f icant  main e f fect  o f  t ime on soc ia l  s t ress caused by superv isors  
and there was no s ign i f icant  main ef fect  of  organisat ion on soc ia l  s t ress caused by 
superv isors  (Table 61) .  There was no s ign i f icant  in teract ion between t ime and 
organisat ion.  
The resu l ts  on the perce ived soc ia l  env i ronment  ind icate that  there is  no change over  
t ime in  the exper imenta l  group that  cou ld  be re la ted to  the in tervent ion or  the 
changes in  percept ions of  the of f ice env i ronment  between t ime 1 and t ime 2.  These 
f ind ings d isconf i rm Hypothes is  3 .  
 
Table 61. ANCOVA results for the effects of  t ime and organisation on 
social  stress caused by colleagues 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion 1.955 1,  131 .02 
Tenure 1.143 1,  131 .01 
Gender  6 .249*  1 ,  131 .05 
Main ef fects     
Organisat ion 1.135 4,  131 .03 
T ime .673 1,  131 .01 
In teract ion e f fects    
Time X Educat ion 1.286 1,  131 .01 
T ime X Tenure 5.723*  1 ,  131 .04 
T ime X Gender  1 .169 1,  131 .01 
T ime X Organisat ion .779 4,  131 .02 
n   139 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
 
Table 62. ANCOVA results for the effects of  t ime and organisation on 
social stress caused by supervisors 
Predic tor  F df  par t ia l  η2  
Covar ia tes    
Educat ion .343 1,  130 .00 
Tenure .975 1,  130 .01 
Gender  .864 1,  130 .01 
Main ef fects     
Organisat ion 1.326 4,  130 .04 
T ime 3.758 1,  130 .03 
In teract ion e f fects    
Time X Educat ion .213 1,  130 .00 
T ime X Tenure 4.049*  1 ,  130 .03 
T ime X Gender  3 .472 1,  130 .03 
T ime X Organisat ion 1.577 4,  130 .05 
n   138 
*  p  < .05,  **  p  < .01,  ***  p  < .001   
 
 
In  summary,  there are few ef fects  for  the outcome var iab les.  S ign i f icant  t ime-x-
organisat ion in teract ions can be observed for  job sat is fac t ion,  work  area sat is fac t ion,  
overa l l  env i ronmenta l  sat is fact ion,  and s i tuat ional  job per formance.  These resul ts  
conf i rm hypotheses 2a and 2b but  d isconf i rm hypotheses 2c and 2d.  The pat tern of  
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these interact ions is  very s imi lar  to the one for  the of f ice env i ronment  character is t ics  
(see above) .  The measurements  in the cont ro l  group are s tab le  and the d i rect ion of  
change d i f fers  between exper imenta l  groups.  S imi lar  to the resu l ts  for  the of f ice 
env i ronment  var iab les,  the pat tern on the outcome var iab les is  s imi lar  for  
organisat ions A and B and – to  a lesser  degree – for  C and D.  
Soc ia l  env i ronment  outcomes (soc ia l  s t ress and work c l imate)  remain large ly 
unaf fected by changes in  the of f ice env i ronment .  Th is  resu l t  d isconf i rms hypothes is  
3 .  Only employees wi th  h ighest  educat ion or  h igh tenure seem to exper ience s l ight ly 
more s t ress caused by co l leagues or  a s l ight ly more negat ive psycholog ica l  c l imate,  
respect ive ly ,  af ter  changes in  the of f ice env ironment .  
10.3. Summary of longitudinal comparisons 
Changes in  o f f ice users ’  percept ions and react ions are examined in  a longi tud ina l  
sample that  inc ludes data f rom both,  before and af ter  change poin ts  in t ime.  Four  
o f f ice change pro jects  are analysed and set  in re la t ion to  a cont ro l  group.  
F i rs t ,  a ser ies o f  repeated-measures analyses of  var iance were per formed for  of f ice 
env i ronment  var iab les.  As expected,  changes in percept ions and assessments of  the 
o f f ice env ironment  were found.  A s ign i f icant  interact ion ef fect  o f  t ime-x-organisat ion 
can be observed on a l l  o f f ice env i ronment  var iab les except  on workspace qual i ty 
(where there are two separate main ef fects  o f  t ime and organisat ion)  and preference 
for  enc losed area.  Employees’  preferences for  enc losed or  open env i ronments 
therefore are not  in f luenced by changes in  the i r  of f ice env i ronments .  
 
In  a second ser ies o f  compar isons of  means,  longi tud ina l  changes in  job 
character is t ics  were examined.  Conforming to expectat ions,  job character is t ics  d id  
not  change as a funct ion of  changes in the of f ice env i ronment  and there was ne i ther  
a  main ef fec t  of  t ime nor  o f organisat ion.  However ,  there was a s ign i f icant  interact ion 
ef fect  o f  t ime-x-organisat ion on perce ived informat ion and par t ic ipat ion suggest ing a 
decrease in the exper imenta l  groups that  may be at t r ibutab le  to the change in  of f ice 
des ign or  the corresponding change management  process because i t  is  not  para l le led 
by a corresponding change in  the cont ro l  organisat ion.  
 
The t ime-x-organisat ion in teract ions ind icate that  long i tud ina l  d i f ferences are a 
funct ion of  po in t  in t ime and organisat ion in combinat ion.  Changes over  t ime vary in  
in tens i ty and d i rect ion in  d i f ferent  organisat ions.  Di f ferences over  t ime in  the cont ro l  
group are smal l ,  par t icu lar ly when compared to the exper imenta l  groups.  From these 
resu l ts  I  conc lude that  between the two measurements no events  occurred that  had 
an impact  on the var iables measured in  the cont ro l  group.  Consequent ly,  the 
d i f ferences in  the longi tud ina l  measurements observed in the exper imenta l  groups 
can causal ly be re la ted to the intervent ions in  the organisat ions ( i .e .  re locat ions,  
changes in  o f f ice env ironments) .  
The d i rect ion of  change d i f fers  in the exper imenta l  groups.  Organisat ions A and B 
show a very s imi lar  pat tern o f  change (wi th  the except ion of  workspace qual i ty and 
of f ice no ise)  which cons is ts  of  a  decrease of  assessments  o f  the of f ice env i ronment  
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and reduct ions in  job sat is fact ion,  work area sat is fact ion,  overa l l  env i ronmenta l  
sat is fact ion,  and s i tuat ional  job per formance.  
A s imi lar ,  a l though less cons is tent ,  pat tern can a lso be observed for  organisat ions C 
and D.  In these organisat ions percept ions of  workp lace qual i ty were more pos i t ive 
a f ter  the change,  d is t ract ion was assessed more negat ive ly,  and perce ived no ise and 
cont ro l  remained unchanged.  There were d i f ferences in the assessments  o f  
env i ronmenta l  s t ressors ,  work and s torage spaces,  crowding and three outcome 
var iab les ( job sat is fac t ion,  work  area /  overa l l  env i ronmenta l  sat is fact ion,  and 
s i tuat ional  job per formance) .  
The s imi lar i ty o f  the pat terns for  organisat ions A and B may be at t r ibutab le  to the 
magni tude of  change of  the of f ice env i ronment  in  terms of  soc ia l  dens i ty which is  
about  double the s ize of  the change in  organisat ions C and D (F igure 27) .  
In  addi t ion to  t ime-x-organisat ion interact ions,  s ign i f icant  main ef fects  o f  
organisat ion can be observed for  noise,  d is t ract ion,  pr ivacy,  crowding,  and cont ro l  
over  the env i ronment .  These ef fects  ind icate that  there are d i f ferences between 
organisat ions.  Pai rwise compar isons show that  these main ef fects  are main ly due to  
a  s ign i f icant  d i f ference of  organisat ion D to  a l l  o ther  par t ic ipat ing organisat ions or  to 
a  s ign i f icant  d i f ference between organisat ions B and D (wi th  more pos i t ive rat ings in  
organisat ion D) .  For  var iab les no ise and pr ivacy,  there are s ign i f icant  d i f ferences 
between organisat ions A and B (more pos i t ive ra t ings in organisat ion A) .  D i f ferences 
between organisat ions may be due to  the i r  bus inesses,  organisat ional  cu l ture,  s ize,  
or  other  factors .  Organisat ion D is  the smal lest  of  a l l  par t ic ipat ing organisat ions and 
the more pos i t ive rat ings on soc io-spat ia l  aspects  may be due to h igher  fami l iar i ty 
among employees and an organisat ional  cu l ture that  va lues human re lat ions.   
 
Fur ther  resul ts  f rom the longi tud ina l  analys is  o f  o f f ice env i ronment  var iab les cons is t  
in  smal l  to  medium main ef fects  o f  gender .  Women assessed crowding,  l ight ing,  and 
no ise in  the i r  of f ice env i ronments  more negat ive ly.  Fur thermore,  there are two 
gender-x- t ime interact ions ind icat ing that  women’s ’  rat ings of  improvements  in  
workp lace appropr ia teness and workspace qual i ty over  t ime were s l ight ly more 
pronounced.  
There were two t ime-x- tenure in teract ion ef fects .  Employees  wi th  h igher  tenure 
perce ived a s t ronger  increase of  d is t ract ions and a s t ronger reduct ion of  cont ro l  over  
the own of f ice env i ronment  over  t ime.  
 
Changes in  character is t ics  of  the of f ice env i ronment  are mir rored to a  l imi ted degree 
by changes in  the outcomes.  S ign i f icant  t ime-x-organisat ion in teract ions can be 
observed for  job sat is fac t ion,  work  area sat is fac t ion,  overal l  env i ronmenta l  
sat is fact ion,  and s i tuat ional  job per formance. The pat tern of  these in teract ions is  
very s imi lar  to  the one for  the of f ice env i ronment  character is t ics  (see above) .  The 
measurements  in  the cont ro l  group are s tab le  and the d i rect ion of  change d i f fers  
between exper imenta l  groups.  As for  the of f ice env i ronment  var iab les,  the pat tern on 
the outcome var iab les is  s imi lar  for  organisat ions A and B and – to  a lesser  degree – 
for  C and D.  Organisat ion D is  the smal lest  o f  the un i ts  s tud ied and the assessment  
o f  the of f ice env i ronment  is  cons is tent ly h igher  than in  the other  organisat ions.  
Repeated measures ANCOVAs were therefore repeated wi thout  organisat ion D in 
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order  to  check whether  s ign i f icant  organisa t ion-x- t ime interact ions are produced by 
th is  un i t .  The exc lus ion of  organisat ion D reduces the number  of  s ign i f icant  main 
ef fects  of  organisat ion ( in  the analys is  of  env i ronmenta l  s t ressors,  workspace qual i ty,  
c rowding,  cont ro l ,  work  area sat is fact ion,  and s i tuat iona l  job per formance)  and does 
not  change the resu l ts  for  work and s torage space assessment ,  d is t ract ions,  
perce ived of f ice no ise,  and job sat is fac t ion) .  However ,  the organisat ion-x- t ime 
in teract ions,  which are in  the focus of  the s tudy,  remain s ta t is t ica l ly s ign i f icant .  
 
Soc ia l  env i ronment  var iab les are a lmost  not  af fected by changes in  the of f ice 
env i ronment .  Therefore,  soc ia l  s t ress is  deal t  wi th  as an organisat ional  const ruct  that  
is  cons idered independent  of  the des ign of  of f ice env i ronments .  
10.4. Cross-sectional regression models 
The analyses of  the re lat ionships among var iables are based on data co l lec ted wi th  
d i f ferent  vers ions of  the quest ionnaire .  Due to  l imi ts  for  the length of  the 
quest ionnai re  set  by the par t ic ipat ing organisat ions,  d i f ferent  vers ions of  the 
quest ionnai re  were employed in  order  to  fu l ly benef i t  o f  the surveys for  exp loratory  
analyses (see chapter  9 .2) .  The regress ion analyses therefore d i f fer  in  the s ize of  the 
dataset  and a l l  analyses do not  inc lude data f rom a l l  par t ic ipat ing organisat ions.  
Each analys is  us ing t ime 1 data (pre-change)  can be cross-va l idated by a s imi lar  
analys is  us ing t ime 2 data (post -change) .  However ,  regress ion models  based on 
quest ionnai re  vers ion D can be ca lcu la ted wi th  t ime 2 data on ly because i t  re l ies  on 
data f rom organisat ion E where no pre-change data are avai lab le .  
 
Genera l ly,  var iab les per ta in ing to  the of f ice env ironment  are entered into  the 
regress ions models  f i rs t .  Job character is t ics  and var iab les of  the soc ia l  env i ronment  
are entered in  subsequent  b locks.  Th is  procedure a l lows the est imat ion of  
independent  e f fects  o f  the of f ice env i ronment  and the examinat ion of  mediat ion 
ef fects  of  the impact  of  the of f ice env i ronment  on outcomes through job 
character is t ics .  
10.4.1. Job satisfaction 
Based on the rev iew of  l i te rature (chapters  6  and 7) ,  the inf luences of  job 
character is t ics  on job sat is fact ion can be cons idered as we l l  suppor ted:  The job 
character is t ics  descr ibed in  chapter  7  have rece ived cons is tent  empir ica l  suppor t  
regard ing the in f luence on job sat is fact ion.  Addi t iona l ly,  there is  ev idence for  the 
impor tant  ro le  o f  soc ia l  suppor t  and cooperat ion for  job sat is fact ion (chapter  7.4) .  
Soc ia l  s t ressors have been shown to  negat ive ly impact  job sat is fact ion (chapter  7.4) .  
Of f ice env i ronment  character is t ics  have been shown to  have an impact  on job 
sat is fact ion.  Speci f ica l ly  there is  ev idence for  inf luences of  o f f ice no ise,  dayl ight ,  
cont ro l ,  and of f ice openness (see chapters  6 .2 and 6.3) .  Fur thermore there is  
inconc lus ive ev idence about  the inf luence of  pr ivacy,  d is t ract ions,  and soc ia l  dens i ty 
(see chapters  6.3 and 6.4)  on job sat is fact ion.  
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In  th is  sect ion the re lat ionships between these var iab les and job sat is fac t ion are 
examined us ing data col lec ted wi th  d i f ferent  vers ions of  the quest ionnaire .  
The f i rs t  regress ion analys is  uses data f rom quest ionnai re vers ion A.  The f i rs t  b lock 
entered into the model  conta ins of f ice character is t ics .  The second b lock is  bu i l t  o f  
job character is t ics .  The th i rd b lock conta ins soc ia l  s t ressors.  The f ina l  model  (Table 
63)  inc ludes four  s ign i f icant  pred ic tors ,  two job  character is t ics  (var iety  and hol is t ic  
jobs) ,  soc ia l  s t ress,  and d is t ract ion.   
Table 63.  Hierarchical  regression results (beta-values) of  job and 
environmental characterist ics on job satisfaction (questionnaire version 
A, t ime 1,  N=177)  
Step Predictor Step 1 Step 2 Step 3
1 Contro l  .181* .023 .038 
 Of f ice no ise -.075 -.032 -.062 
 Pr ivacy .063 .103 .084 
 (LOG10 of )  soc ia l  dens i ty  .049 .017 .006 
 Dis t rac t ion .393*** .221* .222* 
 Env i ronmenta l  s t ressors  -.005 .001 .011 
 Work and s torage space .016 .047 .018 
 Workspace qual i ty  .062 .040 .047 
 Crowding .031 .005 .002 
2 Scope of  act ion  -.015 -.015 
 Var ie ty  .215** .210** 
 Hol is t ic  job  .230** .179** 
 Soc ia l  suppor t   .235*** .088 
3 Socia l  s t ress   .288*** 
 ∆R2 at  each s tep .28***  .19***  .05***  
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
 
A second analys is  wi th  the same regress ion approach and the same var iab les wi th  
post -change data resu l ts  in a  s imi lar  but  not  equal  model  (Table 64) .  In  th is  analys is  
the two job character is t ics  var iety and ho l is t ic  job are accompanied by soc ia l  suppor t  
( ins tead of  soc ia l  s t ress)  and crowding ( instead of  d is t ract ion) .  Crowding reaches 
s tat is t ica l  s ign i f icance only a f ter  job character is t ics  are entered in to the model  in 
s tep 2,  ind icat ing a suppressor  ef fect .  Tota l  var iance explanat ion is  h igh and a lmost  
the same for  both models  (R2=.52 for  the t ime 1 model  and R2=.53 for  the t ime 2 
model ) .  
A fur ther  model  was analysed us ing data f rom Vers ion C of  the quest ionnai re .  In th is  
vers ion workspace var iab les were rep laced by var iab les regard ing ambient  factors  o f  
the of f ice env i ronment .   
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Table 64.  Hierarchical  regression results (beta-values) of  job and 
environmental characterist ics on job satisfaction (questionnaire version 
A, t ime 2,  N=119) 
Step Predictor Step 1 Step 2 Step 3
1 Contro l  .082 -.002 .029 
 Of f ice no ise .139 .054 .037 
 Pr ivacy .080 .064 .079 
 (LOG10 of )  soc ia l  dens i ty  -.008 -.011 -.021 
 Dis t rac t ion -.013 -.011 .001 
 Env i ronmenta l  s t ressors  .125 .154 .127 
 Work and s torage space .009 .013 -.017 
 Workspace qual i ty  .165 .030 .032 
 Crowding .134 .218* .223* 
2  Scope of  act ion  -.008 -.023 
 Var ie ty  .306*** .300*** 
 Hol is t ic  job  .218* .204* 
 Soc ia l  suppor t   .174* .085 
3 Socia l  s t ress   .155 
 ∆R2 at  each s tep .30***  .23***  .01 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
Table 65.  Hierarchical  regression results (beta-values) of  job and 
environmental characterist ics on job satisfaction (questionnaire version 
C, t ime 2,  N=177) 
Step Predictor Step 1 Step 2
1 Of f ice no ise -.042 -.064 
 Contro l  .193 .072 
 L ight ing -.011 -.030 
 Indoor  c l imate .176* .138* 
 Workp lace appropr ia teness .322* .287* 
 (LOG10 of )  soc ia l  dens i ty  -.117 -.014 
 Dis t rac t ion .010 .026 
 Pr ivacy .036 .039 
 Crowding .193* .167* 
2  Scope of  act ion  -.077 
 Var ie ty  .287*** 
 Hol is t ic  job  .137* 
 Soc ia l  suppor t   .169** 
 ∆R2 at  each s tep 37***  15***  
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
S imi lar  to the prev ious analys is ,  the f i rs t  b lock entered into the model  conta ins of f ice 
character is t ics .  The second b lock is  bu i l t  o f  the job character is t ics .  Th is  model  could 
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on ly be ca lcu la ted wi th  t ime 2 data because i t  uses data f rom organisat ion E where 
no pre-change data are avai lab le .  
The resu l t ing model  (Table 65)  exp la ins 52 per  cent  of  var iance in  job sat is fact ion.  
L ike the prev ious models ,  i t  inc ludes the job character is t ics  var iety and ho l is t ic  job.  
Addi t iona l ly ,  i t  inc ludes soc ia l  suppor t  and three character is t ics  of  the o f f ice  
env i ronment :  indoor  c l imate,  workp lace appropr ia teness,  and crowding.   
 
 
The four th  regress ion model  for  job sat is fact ion was ca lcu la ted us ing data f rom 
vers ion B of  the quest ionnai re .  Th is  vers ion of  the quest ionnai re  conta ins on ly 
over load at  work as a job character is t ic .  Of f ice character is t ics  were entered in  the 
f i rs t  b lock and over load at  work was entered in the second b lock.  
In  th is  analys is  13 per  cent  of  the var iance in job sat is fac t ion was exp la ined by the 
model  but  no pred ic tor  was s ta t is t ica l ly s ign i f icant  (Table 66) .  The cross-va l idat ion of  
th is  resu l t  wi th  post -change data is  d isp layed in  Table 67.  In  th is  analys is  workp lace 
appropr ia teness appears as the on ly s ign i f icant  pred ic tor  o f  job sat is fact ion.  The 
model  exp la ins 12 per  cent  of  var iance in  job sat is fact ion.  
Table 66.  Hierarchical  regression results (beta-values) of  job and 
environmental characterist ics on job satisfaction (questionnaire version 
B, t ime 1,  N=211) 
Step Predictor Step 1 Step 2
1 Pr ivacy .185 .180 
 L ight ing .078 .076 
 (LOG10 of )  soc ia l  dens i ty  -.090 -.092 
 Indoor  c l imate .060 .060 
 Workp lace appropr ia teness .048 .049 
2 Over load at  work  .012 
 ∆R2 at  each s tep .13***  .0 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
Table 67.  Hierarchical  regression results (beta-values) of  job and 
environmental characterist ics on job satisfaction (questionnaire version 
B, t ime 2,  N=121) 
Step Predictor Step 1 Step 2
1 Pr ivacy -.043 -.021 
 L ight ing -.058 -.041 
 (LOG10 of )  soc ia l  dens i ty  .086 .072 
 Indoor  c l imate .038 .015 
 Workp lace appropr ia teness .375** .389** 
2  Over load at  work  -.101 
 ∆R2 at  each s tep .12*  .0 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
Data co l lec ted wi th  vers ion D of  the quest ionnaire  was used for  an addi t iona l  
regress ion model  on job sat is fac t ion.  A h ierarch ica l  regress ion wi th  o f f ice 
  197 
 
character is t ics  in the f i rs t  b lock and soc ia l  s t ress in the second b lock was per formed.  
The resu l t ing model  (Table 68)  inc ludes pr ivacy,  workspace qual i ty,  and soc ia l  s t ress 
as s ign i f icant  pred ic tors  and exp la ins 38 per  cent  of  var iance in  job sat is fact ion.   
 
 
Table 68.  Hierarchical  regression results (beta-values) of  environmental  
characterist ics and social  stress on job satisfaction (questionnaire 
version D, t ime 2,  N=172) 
Step Predictor Step 1 Step 2
1 Pr ivacy .173* .211* 
 Env i ronmenta l  s t ressors  .116 .069 
 Work and s torage space .030 .020 
 Workspace qual i ty  .232** .198* 
 crowding .164 .089 
2 Socia l  s t ress  .292*** 
 ∆R2 at  each s tep .31***  .07***  
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
To summar ise,  the s ix  s ta t is t ica l  regress ion models  show that  there are d i f ferent  
pred ic tors  for  job sat is fact ion.  The job character is t ics  var iety and ho l is t ic  job are 
complemented wi th  soc ia l  suppor t  and soc ia l  s t ress respect ive ly as wel l  as  wi th  
character is t ics  of  the of f ice env i ronment  such as d is t ract ions,  pr ivacy,  crowding,  
indoor  c l imate,  and workp lace appropr ia teness.  The increase in  expla ined var iance 
at t r ibutab le to  the integrat ion of  of f ice character is t ic  var iables ranges f rom seven per  
cent  up to  a maximum of  seventeen per  cent .  Tota l  var iance expla ined by the models  
ranges f rom n ine to  f i f ty- two per  cent .  
Table 69.  Overview of results from cross-sectional regression analyses 
regarding hypotheses for job satisfaction  
Hypothesis Variable Total  number of  models where 
predictor is s ignif icant (number 
of  models including this 
predictor)  
T ime 
1 
Time 
2 
4a Of f ice no ise 0 (3)  0  (1)  0  (2)  
6b L ight ing 0 (3)  0  (1)  0  (2)  
7a Contro l  0  (3)  0  (1)  0  (2)  
8a Socia l  dens i ty  0  (5)  0  (2)  0  (3)  
9a Pr ivacy 1 (6)  0  (2)  1  (4)  
10a Dis t rac t ion 1 (3)  1  (1)  0  (2)  
11a Crowding 2 (4)  0  (1)  2  (3)  
12a Workplace 
appropr ia teness 
2 (3)  0  (1)  2  (2)  
13a Workspace qual i ty  1  (3)  0  (1)  1  (2)  
 
 
Wi th regard to  the hypotheses,  these resul ts  d isconf i rm most  the predic ted 
re la t ionships between character is t ics  of  the of f ice env i ronment  and job sat is fac t ion 
(Table 69) .  In  a subset  o f  regress ion models ,  var iab les re la t ing to  the soc io-spat ia l  
env i ronment  appear  as s ign i f icant  pred ic tors .  The hypotheses on the in f luence of  
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pr ivacy and d is t ract ion are conf i rmed by t rend.  Crowding is  a s ign i f icant  pred ic tor  in  
two models .  Workp lace appropr ia teness,  a  var iab le  that  descr ibes the task- re lated 
appropr ia teness of  the of f ice env ironment ,  is  a pred ic tor  for  job sat is fac t ion and th is  
conf i rms the pred ic t ion der ived f rom the Job Demands-Resources f ramework.  
However ,  the major i ty o f  hypothes ised re lat ionships cannot  be conf i rmed.  Whi le a t  
t ime 1 on ly d is t ract ion appear  as a  s ign i f icant  pred ic tor ,  more var iab les are 
s ign i f icant  pred ic tors  in  t ime 2 models  (pr ivacy,  crowding,  workp lace 
appropr ia teness,  and workspace qual i ty) .  
10.4.2. Environmental satisfaction 
In  the l i terature rev iewed in  chapter  6 ,  ev idence is  summar ised on the factors  
in f luenc ing env i ronmenta l  sat is fact ion.  Sat is fact ion wi th  the phys ica l  work  
env i ronment  has been shown to  be in f luenced by pr ivacy (chapter  6.4.2) ,  o f f ice no ise 
(chapter  6.2.1) ,  thermal  comfor t  (chapter  6.2.2) ,  and l ight ing (chapter  6.2 .3) .  In  
addi t ion,  there is  inconc lus ive ev idence for  inf luences of  cont ro l  over  the own of f ice 
env i ronment  (chapter  6 .2 .4) ,  s torage space and workspace qual i ty (on ly  one s tudy,  
chapter  6 .3.1) ,  soc ia l  dens i ty (chapter  6 .3.2) ,  d is t ract ion (chapter  6.4.2) ,  and 
crowding (chapter  6.4.3) .  There is  no theoret ical  or  empi r ica l  bas is  to assume that  
job character is t ics  should in f luence env i ronmenta l  sat is fact ion.  
In  the quest ionnai res for  the f i rs t  s tudy two measures for  env i ronmental  sat is fact ion 
have been employed,  a  three- i tem sca le  measur ing work area sat is fac t ion,  and a 
s ing le  i tem measure measur ing overa l l  env i ronmenta l  sat is fact ion.  The two 
measurements  corre la te  very s t rongly ( r= .635 in  a  subsample of  32 subjects  where 
both measurements were used for  cross-va l idat ion) .  
Table 70.  Hierarchical  regression results (beta-values) of  environmental  
characterist ics and job characterist ics on environmental  satisfaction 
(questionnaire version A, t ime 1, N=181) 
Step Predictor Step 1 Step 2 Step 3
1 Pr ivacy .295*** .028 .045 
 Of f ice Noise .397*** .150* .157* 
2  Contro l   -.002 .021 
 Work and s torage space  .175** .199** 
 (LOG10 of )  soc ia l  dens i ty   -.029 -.051 
 Dis t rac t ion  .163* .128 
 Crowding  .262*** .232*** 
 Workspace qual i ty   .267*** .261*** 
3  Scope of  act ion   -.118 
 Var ie ty   .124* 
 Hol is t ic  job   -.025 
 Soc ia l  suppor t    .060 
 ∆R2 at  each s tep .35***  .27***  .02 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
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Workp lace appropr ia teness was not  inc luded in the models  due to the very h igh 
corre lat ions wi th  env i ronmenta l  sat is fact ion (Table 25 and Table 26) .  Thus,  
hypothes is  12b cannot  be tested.  
The f i rs t  regress ion model  uses data f rom vers ion A of  the quest ionnai re.  Based on 
avai lab le  ev idence pr ivacy and of f ice no ise were entered as f i rs t  b lock.  The second 
b lock cons is ts  o f  cont ro l ,  work  and s torage space,  soc ia l  dens i ty,  d is t ract ion,  
crowding and workspace qual i ty.  In the th i rd  b lock job character is t ics  were entered.  
The last  b lock d id not  cont r ibute to  an increase in  exp la ined var iance (Table 70) .  
The same model  was analysed wi th  post -change data (Table 71) .  In  both models  
o f f ice no ise,  work and s torage space,  and workspace qual i ty appear  as s ign i f icant  
pred ic tors .  Job character is t ics  d id  not  cont r ibute to  exp la ined var iance in  
env i ronmenta l  sat is fact ion in  both models .  The model  us ing pre-change data conta ins 
d is t ract ion and crowding that  do not  appear as s ign i f icant  pred ic tors  in  the post -
change model .  Var iance expla ined by these models  range is  62 per  cent  ( t ime 1)  and 
65 per  cent  ( t ime 2) .  
 
Table 71.  Hierarchical  regression results (beta-values) of  environmental  
characterist ics and job characterist ics on environmental  satisfaction 
(questionnaire version A, t ime 2, N=122) 
Step Predictor Step 1 Step 2 Step 3
1 Pr ivacy .247** .011 .007 
 Of f ice Noise .547*** .258** .249** 
2  Contro l   .092 .086 
 Work and s torage space  .297*** .299** 
 (LOG10 of )  soc ia l  dens i ty   -.014 -.018 
 Dis t rac t ion  .131 .129 
 Crowding  .107 .106 
 Workspace qual i ty   .149* .147* 
3  Scope of  act ion   .019 
 Var ie ty   .031 
 Hol is t ic  job   -.039 
 Soc ia l  suppor t    .048 
 ∆R2 at  each s tep .51***  .14***  .004 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
A regress ion model  us ing the data f rom vers ion D of  the quest ionnai re cons is ted of  
three b locks.  The f i rs t  b lock conta ins  pr ivacy;  the second b lock inc ludes work and 
s torage space,  workspace qual i ty,  and crowding.  The th i rd b lock enters  over load at  
work and soc ia l  s t ressors .  The th i rd  b lock d id not  add to exp la ined var iance (Table 
72) .  The analys is  shows that  pr ivacy,  workspace qual i ty,  and crowding are impor tant  
pred ic tors  for  env i ronmenta l  sat is fac t ion.  Compared to the models  based on vers ion 
A of  the quest ionnai re,  pr ivacy appears as an addi t iona l  pred ic tor .   
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Table 72.  Hierarchical  regression results (beta-values) of  environmental  
characterist ics,  overload, and social  stress on environmental satisfaction 
(questionnaire version D, t ime 2, N=172) 
Step Predictor Step 1 Step 2 Step 3
1 Pr ivacy .651*** .372***  .385***
2 Work and s torage space .072 .075
 Workspace qual i ty  .315***  .307***
 Crowding .205**  .208**
3 Over load  - .071
 Socia l  s t ress  .036
 ∆R2 at  each s tep .42*** .16***  .008
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
Data f rom vers ion B of  the quest ionnai re  was used for  a regress ion analys is  o f  
overa l l  env i ronmenta l  sat is fact ion.  Pr ivacy,  indoor  c l imate,  and l ight ing compose the 
f i rs t  b lock24.  The second b lock cons is ts  in  soc ia l  dens i ty and over load (Table 73) .  The 
same analys is  was per formed us ing the post -change data (Table 74) .  The resul ts  
ind icate that  a l l  pred ic tors  cont r ibute to  overa l l  env i ronmenta l  sat is fact ion in  the pre-
change sample.  In  the t ime 2 analys is  on ly pr ivacy and indoor  c l imate emerge as 
s ign i f icant  pred ic tors .  
Table 73.  Hierarchical  regression results (beta-values) of  environmental  
characterist ics and overload at  work on overal l  environmental 
satisfaction (questionnaire version B, t ime 1, N=211) 
Step Predictor Step 1 Step 2
1 Pr ivacy .322***  .361***
 Indoor  c l imate .160**  .156**
 L ight ing .260***  .269***
 (LOG10 of )  soc ia l  dens i ty  - .199** - .176**
2 over load  - .115*
 ∆R2 at  each s tep .51***  .01*
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
Table 74.  Hierarchical  regression results (beta-values) of  environmental  
characterist ics and overload at  work on overal l  environmental 
satisfaction (questionnaire version B, t ime 2, N=121) 
Step Predictor Step 1 Step 2
1 Pr ivacy .401***  .403***
 Indoor  c l imate .368***  .366***
 L ight ing - .075 - .074
 (LOG10 of )  soc ia l  dens i ty  - .038 - .039
2 over load  - .008
 ∆R2 at  each s tep .42***  .001
*  p  < .05,  **  p  < .01,  ***  p  < .001 
                                                          
24 Da ta  on  workp lace  appropr ia teness  a re  ava i l ab le  f rom ve rs ion  B  o f  the  ques t ionna i re .  Due  
to  the  ve ry  s t rong  co r re la t ion  be tween  workp lace  appropr ia teness  and  overa l l  env i ronmenta l  
sa t i s fac t i on  (Tab le  24 ) ,  however ,  t hese  da ta  a re  no t  i nc luded in  the  reg ress ion  ana lys i s .  
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Data f rom vers ion C of  the quest ionnai re  were used for  a regress ion model  for  overa l l  
env i ronmenta l  sat is fact ion.  Th is  regress ion model  is  an extens ion of  the one based 
on vers ion B.  I t  inc ludes addi t iona l  var iab les of  the of f ice env i ronment  (o f f ice no ise,  
cont ro l ,  d is t ract ions,  and crowding)  and the job character is t ics .  The f i rs t  b lock 
cons is ts  o f  pr ivacy,  l ight ing,  vent i la t ion and temperature,  and of f ice no ise.  The 
second b lock inc ludes cont ro l ,  soc ia l  densi ty,  d is t ract ion,  and crowding.  Job 
character is t ics  were entered in  the th i rd  b lock (Table 75) .  In  th is  regress ion analys is ,  
cont ro l  and d is t ract ion are the s t rongest  pred ic tors .  Other  s ign i f icant  beta-va lues are 
found for  pr ivacy,  l ight ing,  and crowding.  Job character is t ics  are not  s ign i f icant ly 
re la ted to overa l l  env i ronmenta l  sat is fact ion in th is  analys is .  
 
Table 75.  Hierarchical  regression results (beta-values) of  off ice 
environmental  characterist ics and job characterist ics on overal l  
environmental  satisfaction (questionnaire version C, t ime 2,  N=177) 
Step Predictor Step 1 Step 2 Step 3
1 Pr ivacy  .341*** .123* .132* 
 L ight ing .177** .110* .103* 
 Indoor  c l imate .177** .075 .072 
 Of f ice no ise .295*** -.002 -.009 
2 Contro l   .332*** .296*** 
 (SQRT of )  soc ia l  dens i ty   .000 -.005 
 Dis t rac t ion  .305*** .309*** 
 Crowding  .167** .156** 
3  Scope of  act ion   .008 
 Var ie ty   .039 
 Hol is t ic  job   -.011 
 Soc ia l  suppor t    .093 
 ∆R2 at  each s tep .55***  .15***  .01 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
In  summary,  a  var ie ty o f  character is t ics  of  the of f ice env ironment  inf luence 
env i ronmenta l  sat is fact ion.  Job character is t ics  do not  appear  as pred ic tors  in the 
analyses.   
Var iab les f rom d i f ferent  c lasses of  o f f ice env i ronment  aspects  cont r ibute to  overal l  
env i ronmenta l  sat is fact ion:  soc io-spat ia l  var iab les (pr ivacy,  crowding,  and 
d is t ract ion) ,  funct ional  aspects  (workp lace appropr ia teness) ,  of f ice des ign var iab les 
(workspace qual i ty,  work  and s torage spaces) ,  and of f ice env i ronment  condi t ions 
(no ise,  l ight ing,  c l imate,  and cont ro l ) .  Var iance explanat ion in  the d i f ferent  
regress ion models  range f rom 42 to 70 per  cent .   
 
The resu l ts  conf i rm most  of  the hypotheses concern ing the re la t ionship between 
perce ived character is t ics  of  the of f ice env i ronment  and env i ronmenta l  sat is fact ion 
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(Table 76) .  Hypothes is  8b,  however ,  is  d isconf i rmed:  soc ia l  dens i ty is  not  a pred ic tor  
o f  env i ronmenta l  sat is fac t ion.  
T ime 1 and t ime 2 models  are s imi lar  and the same var iab les appear  as s ign i f icant  
pred ic tors .  
 
Table 76.  Overview of results from cross-sectional regression analyses 
regarding hypotheses for environmental satisfaction 
Hypothesis Variable Total number of  models where 
predictor is s ignif icant (number of  
models including this predictor)  
T ime 
1 
Time 
2 
4b Of f ice no ise 2 (3)  1  (1)  1  (2)  
5a Indoor  
c l imate 
2 (3)  1  (1)  1  (2)  
6a L ight ing 2 (3)  1  (1)  1  (2)  
8b Socia l  
dens i ty  
1  (5)  1  (2)  0  (3)  
9b Pr ivacy 4 (6)  1  (2)  3  (4)  
10b Dis t rac t ion 2 (3)  1  (1)  1  (2)  
11b Crowding 3 (4)  1  (1)  2  (3)  
13b Workspace 
qual i ty  
3  (3)  1  (1)  2  (2)  
 
 
10.4.3. Organisational commitment 
Evidence regard ing the re la t ionship between of f ice env i ronmenta l  character is t ics  and 
organisat ional  commitment  is  inconc lus ive or  lack ing (see chapter  5.3) .  Regress ion 
analyses wi th  organisat ional  commitment  as outcome var iable  are carr ied out  in  two 
s teps in  order  to  analyse the impacts  of  job or  soc ia l  s t ress at  the one hand s ide and 
ef fects  of  the work env i ronment  on the other  hand s ide.  
 
Table 77. Regression results (beta-values) of  environmental factors and 
overload at  work on organisational commitment (questionnaire version B, 
t ime 1,  N=210) 
Step Predictor Step 1 Step 2
1 L ight ing .240** .249** 
 Indoor  c l imate .010 .009 
 Workp lace appropr ia teness -.047 -.057 
 Pr ivacy .128 .157 
 (LOG10 of )  soc ia l  dens i ty  -.104 -.091 
2 Over load at  work  -.073 
 ∆R2 at  each s tep .12***  .0 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
The f i rs t  model  for  organisat ional  commitment  uses data f rom vers ion B of  the 
quest ionnai re .  Th is  vers ion conta ins over load as the on ly job character is t ic .  The 
fo l lowing var iab les were  entered:  l ight ing,  indoor  c l imate,  workp lace appropr ia teness,  
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pr ivacy,  soc ia l  dens i ty,  and over load at  work .  The analys is  was per formed wi th  both,  
pre-change (Table 77)  and post -change data (Fehler!  Ungült iger Eigenverweis auf 
Textmarke. ) .  L ight ing is  the on ly pred ic tor  for  organisat ional  commitment  in the T ime 
1 analys is .  However ,  the rat io  of  exp la ined var iance is  modest .  The analys is  o f  T ime 
2 data resu l ts  in  a d i f ferent  p ic ture.  In  th is  analys is  the s ign i f icant  pred ic tors  are 
workp lace appropr ia teness and work  over load.  Var iance explanat ion is  h igher  wi th  26 
per  cent .  
Table 78. Regression results (beta-values) of  environmental factors and 
overload at  work on organisational commitment (questionnaire version B, 
t ime 2,  N=82) 
Step Predictor Step 1 Step 2
1 L ight ing .019 .061 
 Indoor  c l imate -.068 -.152 
 Workp lace appropr ia teness .513*** .586*** 
 Pr ivacy -.116 -.045 
 (LOG10 of )  soc ia l  dens i ty  .200 .168 
2 Over load at  work  -.318** 
 ∆R2 at  each s tep .17*  .09**  
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
A th i rd  h ierarch ica l  regress ion analys is  on organisat ional  commitment  was per formed 
us ing data f rom vers ion D of  the quest ionnai re.  Here,  d i f ferent  pred ic tors  were 
entered:  soc ia l  dens i ty,  c rowding,  env i ronmental  s t ressors,  work and s torage space,  
and workspace qual i ty were entered in  the f i rs t  b lock.  Over load at  work  and soc ia l  
s t ress were entered into the model  in  subsequent  b locks.  Th is  analys is  produces 
soc ia l  s t ress and workspace qual i ty as s ign i f icant  pred ic tors  of  organisat ional  
commitment  (Table 79) .  
Table 79. Regression results (beta-values) of  environmental factors and 
stressors from different sources on organisational commitment 
(questionnaire version D, t ime 2, N=162) 
Step Predictor Step 1 Step 2 Step 3
1 (SQRT of )  soc ia l  dens i ty  .135 .145 .063 
 Crowding .103 .079 .045 
 Env i ronmenta l  s t ressors  .195* .190* .142 
 Work and s torage space .038 .035 .040 
 Workspace qual i ty  .284** .284** .252** 
2  Over load at  work  .112 .031 
3 Socia l  s t ress   .261** 
 ∆R2 at  each s tep .23***  .01 .05**  
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
The three regress ion models  analysed for  organisat ional  commitment  prov ide a 
heterogeneous p ic ture and the resu l ts  on the re la t ionship between character is t ics  o f  
the of f ice env i ronment  and organisat iona l  commitment  are inconc lus ive.  Due to the 
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lack of  pr ior  research on the re lat ionship  between of f ice des ign and organisat ional  
commitment ,  no hypotheses had been formulated.  However ,  the analyses show that  
env i ronmenta l  character is t ics  are pred ic tors  of  organisat ional  commitment ,  notab ly  
workp lace appropr ia teness,  workspace qual i ty,  and l ight ing.  Soc ia l  s t ress and work  
over load are e lements  o f  the soc ia l  and job des ign env i ronment  that  inf luence 
organisat ional  commitment .   
10.4.4. Health 
Heal th  s tatus was measured by a l is t  o f  symptoms that  are cons idered typ ica l  for  
psychosomat ic  i l lness.  The exper ience of  s t ress is  an impor tant  fac tor  in  reduc ing 
heal th  (see chapter  5 .4) .  The rev iew of  the l i te rature shows that  no ise (chapter  
6 .2 .1) ,  c l imate and a i r  qua l i ty (chapter  6 .2.2) ,  and l ight ing (chapter  6 .2 .3)  are 
impor tant  fac tors  of  the o f f ice  env ironment  for  employees’  heal th .  The ev idence for  
cont ro l  (chapter  6 .2.4) ,  soc ia l  dens i ty (chapter  6 .3 .2) ,  and crowding (6 .4.3)  is  
equivocal  but  a l l  o f  these factors  may cont r ibute to exper ience of  s t ress and are 
therefore wor th analys ing in  re lat ion to heal th.  
Table 80.  Hierarchical  regression results (beta-values) of  environmental  
factors and work overload on health (questionnaire version B, t ime 1,  
N=209) 
Step Predictor Step 1 Step 2 Step 3
1 L ight ing .187* .028 .008 
 Indoor  c l imate .202** .110 .112 
2 Workplace appropr ia teness  .161 .185 
 Pr ivacy  .214* .146 
 (SQRT of )  soc ia l  dens i ty   -.050 -.081 
3 Work over load   .173** 
 ∆R2 at  each s tep .11***  .09***  .03**  
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
The f i rs t  regress ion analys is  for  heal th  uses data f rom quest ionnai re  vers ion B.  
Ambient  character is t ics  ( l ight ing and Indoor  c l imate)  are entered in the f i rs t  b lock.  
Workp lace appropr ia teness,  pr ivacy,  and soc ia l  dens i ty are entered in the second 
b lock.  Work over load was entered last .  The resul ts  are presented in Table 80 ( t ime 1)  
and Table 81 ( t ime 2) .  Work over load appears as s ign i f icant  pred ic tor  in  the t ime 1 
analys is ,  workp lace appropr ia teness is  the on ly  s ta t is t ica l ly  s ign i f icant  pred ic tor  in 
the t ime 2 regress ion model .  
 
The second regress ion model  for  heal th  uses data f rom quest ionnai re vers ion D ( t ime 
2 on ly) .  In th is  regress ion model ,  s t ressors  f rom d i f ferent  sources,  namely work 
over load,  env i ronmental  s t ressors,  and soc ia l  s t ress are entered in the f i rs t  b lock.  
The second b lock conta ins character is t ics  o f  the of f ice env ironment :  pr ivacy,  soc ia l  
dens i ty,  workspace qual i ty,  and work  and s torage spaces.  The resul ts  o f  th is  
regress ion model  are presented in  Table  82.  Workspace qual i ty,  env i ronmenta l  
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s t ressors ,  and soc ia l  s t ress are the s ign i f icant  pred ic tors  o f  heal th  s tatus in th is  
model .  
 
Table 81.  Hierarchical  regression results (beta-values) of  environmental  
factors and work overload on health (questionnaire version B, t ime 2,  
N=121) 
Step Predictor Step 1 Step 2 Step 3
1 L ight ing .148 .116 .099 
 Indoor  c l imate .222* .160 .182 
2 Workplace appropr ia teness  .271* .260* 
 Pr ivacy  .001 -.020 
 (SQRT of )  soc ia l  dens i ty   .162 .179 
3 Work over load   .091 
 ∆R2 at  each s tep .09**  .07*  .01 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
Table 82.  Hierarchical  regression results (beta-values) of  stressors from 
different sources and environmental  characterist ics on health 
(questionnaire version D, t ime 2, N=195) 
Step Predictor Step 1 Step 2 Step 3 Step 4
1 Pr ivacy .126 -.024 -.045 -.022 
 (SQRT of )  soc ia l  dens i ty  -.037 .025 .030 -.030 
 Work and s torage space .111 .034 .021 .028 
 Workspace qual i ty  .292*** .247** .238** .203** 
2  Env i ronmenta l  s t ressors   .356*** .345*** .276** 
3  Work over load   .192** .117 
4 Socia l  s t ress    .253*** 
 ∆R2 at  each s tep .19***  .07***  .04**  .05***  
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
Together ,  the three regress ion models  for  heal th  show that  workp lace 
appropr ia teness and workspace qual i ty charac ter is t ics  o f  the of f ice env i ronment  are 
impor tant  fac tors  for  heal th .  The resu l ts  d isconf i rm hypothes is  5b that  postu lates a 
re la t ionship between indoor  c l imate and heal th and hypothes is  6c that  re la tes 
perce ived l ight ing qual i ty to  heal th.  Indoor  c l imate and l ight ing are not  s tat is t ica l ly 
s ign i f icant  anymore when soc io-spat ia l  and funct ional  aspects  o f  the of f ice 
env i ronment  are entered in to the regress ion models  in s tep 2.  
Var iance explanat ion for  models  inc lud ing job and env i ronmenta l  aspects  ranges f rom 
s ix teen to th i r ty- f ive per  cent .  Notab ly workp lace appropr ia teness,  env i ronmenta l  
s t ressors ,  and workspace qual i ty add to var iance expla ined by soc ia l  s t ress and work 
over load.   
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10.4.5. Individual work performance 
Li terature on the re lat ionsh ip  between of f ice work env i ronments  and indiv idual  work  
per formance ident i f ies  no ise and d is t ract ion (chapters  6.2.1 and 6.4.2) ,  thermal  
comfor t  and a i r  qual i ty (chapter  6 .2.2) ,  cont ro l  (chapter  6 .2.4) ,  job character is t ics  
(chapter  7.1) ,  and soc ia l  s t ress (chapter  7.4)  as  impor tant  fac tors  o f  the env i ronment  
on per formance.  There is  inconc lus ive ev idence for  l ight ing (chapter  6.2.3)  and soc ia l  
dens i ty (chapter  6 .3.2) .  The re la t ionship  between job character is t ics  and work 
per formance is  wel l  es tab l ished by empir ica l  research (chapter  7) .  
 
The f i rs t  set  o f  regress ion models  for  ind iv idual  work per formance used a l l  three 
per formance sca les as dependent  var iab les and data f rom quest ionnai re vers ions A 
and C.  For  analyses us ing data f rom quest ionnaire  vers ion A,  of f ice character is t ics  
were entered in  the f i rs t  b lock.  The second b lock conta ins job character is t ics  and the 
th i rd b lock conta ins soc ia l  s t ress.  
The resul ts  o f  the analyses for  se l f -assessed job per formance are presented in Table 
83 and Table 84.  Dis t rac t ion and soc ia l  dens i ty appear  as s ign i f icant  pred ic tors  in the 
t ime 1 regress ion model ,  account ing for  15 per cent  of  var iance.  Cont ro l ,  however ,  
d isappears as a  s ign i f icant  pred ic tor  when job character is t ics  are added to the 
model .  In the f ina l  model ,  d is t ract ion and soc ia l  dens i ty appear  as s ign i f icant  
pred ic tors  re la ted to  the of f ice env ironment .  Var ie ty and ho l is t ic  job are s t rong 
pred ic tors  in  the pre-change model .  In the post -change model ,  none of  the pred ic tors  
is  s tat is t ica l l y s ign i f icant  except  for  work and s torage space that  becomes s ign i f icant  
a f ter  job character is t ics  have been entered in the model .  
The regress ion models  us ing se l f -assessed job per formance based on feedbacks as 
outcome measure are presented in Table 85 and Table 86.  Both models  inc lude 
soc ia l  s t ress as a s t rong s ign i f icant  pred ic tor .  No features of  the of f ice env i ronment  
appear  as s ta t is t ica l ly s ign i f icant  pred ic tors .   
 
Table 83.  Hierarchical  regression results (beta-values) of  job 
characterist ics,  social ,  and environmental factors on individual job 
performance (questionnaire version A, t ime 1, self-assessed job 
performance, N=232) 
Step Predictor Step 1 Step 2 Step 3
1 Dis t rac t ion .236** .191* .177* 
 Of f ice no ise -.018 -.037 -.025 
 Contro l  .258** .147 .145 
 Crowding -.079 -.051 -.054 
 Env i ronmenta l  s t ress .022 .038 .032 
 Work and s torage space .019 .021 .015 
 Workspace qual i ty  .070 .060 .066 
 (LOG10 of )  soc ia l  dens i ty  .150 .168* .169* 
2  Scope of  act ion  .024 .026 
 Var ie ty  .271*** .267*** 
 Hol is t ic  job  .170* .159* 
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 Soc ia l  suppor t   -.022 -.081 
3 Socia l  s t ress   .121 
 ∆R2 at  each s tep .15***  .12***  .01 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
 
Table 84.  Hierarchical  regression results (beta-values) of  job 
characterist ics,  social ,  and environmental factors on individual job 
performance (questionnaire version A, t ime 2, self-assessed job 
performance, N=147) 
Step Predictor Step 1 Step 2 Step 3
1 Dis t rac t ion -.131 -.162 -.154 
 Of f ice no ise .061 .025 .032 
 Contro l  .145 .031 .065 
 Crowding -.010 .008 .008 
 Env i ronmenta l  s t ress .026 .021 -.013 
 Work and s torage space .147 .221* .192 
 Workspace qual i ty  .192 .104 .103 
 (LOG10 of )  soc ia l  dens i ty  .028 -.010 -.026 
2 Scope of  act ion  .144 .118 
 Var ie ty  .145 .140 
 Hol is t ic  job  .135 .125 
 Soc ia l  suppor t   .132 .050 
3 Socia l  s t ress   .151 
 ∆R2 at  each s tep .14**  .13***  .01 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
Table 85.  Hierarchical  regression results (beta-values) of  job 
characterist ics,  social ,  and environmental factors on individual job 
performance (questionnaire version A, t ime 1, Self-assessed job 
performance based on Feedbacks, N=232) 
Step Predictor Step 1 Step 2 Step 3
1 Dis t rac t ion .233** .164* .135 
 Of f ice no ise .035 .033 .058 
 Contro l  .183* .055 .051 
 Crowding .112 .107 .098 
 Env i ronmenta l  s t ress -.095 -.079 -.093 
 Work and s torage space -.010 -.007 -.020 
 Workspace qual i ty  .110 .088 .102 
 (LOG10 of )  soc ia l  dens i ty  .144 .115 .118 
2 Scope of  act ion  .039 .044 
 Var ie ty  .057 .051 
 Hol is t ic  job  .167* .145* 
 Soc ia l  suppor t   .221** .100 
3 Socia l  s t ress   .245** 
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 ∆R2 at  each s tep .16***  .10***  .04**  
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
Table 86.  Hierarchical  regression results (beta-values) of  job 
characterist ics,  social ,  and environmental factors on individual job 
performance (questionnaire version A, t ime 2, Self-assessed job 
performance based on Feedbacks, N=147) 
Step Predictor Step 1 Step 2 Step 3
1 Dis t rac t ion -.103 -.177 -.157 
 Of f ice no ise .050 .015 .031 
 Contro l  -.100 -.232* -.143 
 Crowding .094 .102 .100 
 Env i ronmenta l  s t ress .001 -.017 -.101 
 Work and s torage space .188 .236* .163 
 Workspace qual i ty  .116 .062 .065 
 (LOG10 of )  soc ia l  dens i ty  .058 -.030 -.072 
2 Scope of  act ion  .091 .024 
 Var ie ty  .106 .084 
 Hol is t ic  job  .093 .069 
 Soc ia l  suppor t   .414*** .200* 
3  Soc ia l  s t ress   .393*** 
 ∆R2 at  each s tep .07 .24***  .08***  
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
The regress ion models  us ing data f rom vers ion A of  the quest ionnai re and s i tuat ional  
job per formance as a measure show that  d is t ract ion and cont ro l  are s ign i f icant  
pred ic tors  of  job per formance (Table 87 and Table 88) .  
Table 87.  Hierarchical  regression results (beta-values) of  job 
characterist ics,  social ,  and environmental factors on individual job 
performance (questionnaire version A, t ime 1, Situational job 
performance, N=233) 
Step Predictor Step 1 Step 2 Step 3
1 Dis t rac t ion .317*** .249** .252** 
 Of f ice no ise .067 .050 .048 
 Contro l  .189* .051 .051 
 Crowding -.014 .017 .018 
 Env i ronmenta l  s t ress -.022 .004 .005 
 Work and s torage space .067 .065 .066 
 Workspace qual i ty  -.033 -.049 -.050 
 (LOG10 of )  soc ia l  dens i ty  .054 .062 .062 
2 Scope of  act ion  .053 .053 
 Var ie ty  .240*** .241*** 
 Hol is t ic  job  .163* .165* 
 Soc ia l  suppor t   .063 .074 
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3  Soc ia l  s t ress   -.022 
 ∆R2 at  each s tep .19***  .12***  .0 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
Table 88.  Hierarchical  regression results (beta-values) of  job 
characterist ics,  social ,  and environmental factors on individual job 
performance (questionnaire version A, t ime 2, Situational job 
performance, N=150) 
Step Predictor Step 1 Step 2 Step 3
1 Dis t rac t ion .204* .187* .187* 
 Of f ice no ise -.046 -.074 -.074 
 Contro l  .154 .108 .108 
 Crowding .008 .027 .027 
 Env i ronmenta l  s t ress .025 .014 .015 
 Work and s torage space .119 .139 .139 
 Workspace qual i ty  .103 .059 .059 
 (LOG10 of )  soc ia l  dens i ty  -.110 -.132 -.131 
2 Scope of  act ion  -.039 -.039 
 Var ie ty  .098 .098 
 Hol is t ic  job  .153 .154 
 Soc ia l  suppor t   .153 .154 
3 Socia l  s t ress   -.003 
 ∆R2 at  each s tep .24***  .07*  .0 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
Table 89.  Hierarchical  regression results (beta-values) of  job 
characteristics and environmental factors on individual job performance 
(questionnaire version C, t ime 2,  Self-assessed job performance, N=171) 
Step Predictor Step 1 Step 2
1 Dis t rac t ion -.143 -.157 
 Of f ice no ise -.059 .047 
 Contro l  .207 .128 
 Crowding .001 .002 
 L ight ing .173* .158 
 Indoor  c l imate .090 .068 
 Workp lace appropr ia teness .100 .058 
 (SQRT of )  soc ia l  dens i ty  .110 .176* 
2  Scope of  act ion  .084 
 Var ie ty  .088 
 Hol is t ic  job  .299*** 
 Soc ia l  suppor t   -.109 
 ∆R2 at  each s tep .12*  .13***  
*  p  < .05,  **  p  < .01,  ***  p  < .001 
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Three addi t iona l  models  for  job per formance were per formed us ing data f rom 
quest ionnai re  vers ion C.  This  vers ion d i f fers  f rom vers ion A in  the env i ronmenta l  
var iab les.  Whi le  vers ion A covers soc io-spat ia l  and of f ice des ign aspects ,  vers ion C 
focuses on ambient  condi t ions.  Due to the very smal l  s ize o f  the before-change 
sample,  these analyses were on ly per formed us ing post -change data.   
Of f ice character is t ics were entered in  the f i rs t  b lock and job character is t ics in the 
second b lock of  the regress ion model .  The resul ts  are presented in Table 89 to  Table 
91,  each showing the resu l ts  for  a  d i f ferent  per formance measure.   
Table 90.  Hierarchical  regression results (beta-values) of  job 
characteristics and environmental factors on individual job performance 
(questionnaire version C, t ime 2,  Self-assessed job performance based on 
feedbacks, N=171) 
Step Predictor Step 1 Step 2
1 Dis t rac t ion -.041 -.049 
 Of f ice no ise -.184 -.118 
 Contro l  .123 -.004 
 Crowding .034 .013 
 L ight ing .039 .028 
 Indoor  c l imate .102 .095 
 Workp lace appropr ia teness .240 .170 
 (SQRT of )  soc ia l  dens i ty  .068 .088 
2 Scope of  act ion  .153 
 Var ie ty  .151 
 Hol is t ic  job  .027 
 Soc ia l  suppor t   .194* 
 ∆R2 at  each s tep .09 .12***  
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
Table 91.  Hierarchical  regression results (beta-values) of  job 
characteristics and environmental factors on individual job performance 
(questionnaire version C, t ime 2,  Situational job performance, N=176) 
Step Predictor Step 1 Step 2
1 Dis t rac t ion -.124 -.128 
 Of f ice no ise .068 .128 
 Contro l  .208* .178* 
 Crowding .011 -.001 
 L ight ing .043 .026 
 Indoor  c l imate -.016 -.024 
 Workp lace appropr ia teness .456*** .422*** 
 (SQRT of )  soc ia l  dens i ty  -.076 -.047 
2 Scope of  act ion  .055 
 Var ie ty  -.004 
 Hol is t ic  job  .178* 
 Soc ia l  suppor t   -.025 
 ∆R2 at  each s tep .41***  .04*  
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*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
The model  us ing se l f -assessed per formance as the outcome measure shows that  
soc ia l  dens i ty is  pos i t ive ly re la ted to  work per formance.  A second s igni f icant  
pred ic tor  is  ho l is t ic  job.  For  the mode l  wi th  se l f -assessed per formance based on 
feedbacks soc ia l  suppor t  is  the on ly s ign i f icant  pred ic tor .   
F ina l ly,  the model  wi th  s i tuat iona l  per formance shows a substant ia l  increase of  41 
per  cent  in exp la ined var iance due to the inc lus ion of  contro l  and workp lace 
appropr ia teness.  Hol is t ic  job,  a job character is t ic ,  exp la ins addi t ional  four  per  cent  o f  
var iance.  
 
In  summary,  the regress ion analyses for  ind iv idual  job per formance show only 
moderate ef fects  o f  o f f ice env i ronment  var iab les.  However ,  the s i tuat iona l  job 
per formance measure seems to  be more sens i t ive towards env i ronmenta l  condi t ions.  
Th is  is  ev ident  in the h igher  increases in exp la ined var iance when env i ronmenta l  
var iab les are entered in the regress ion models .  
The most  impor tant  aspects  o f  the of f ice env ironment  for  ind iv idual  job per formance 
f rom these analyses are cont ro l  over  the env ironment  and d is t ract ions.  Enter ing 
of f ice env ironment  character is t ics  add between zero and twenty-n ine per  cent  in 
var iance explanat ion ( in  addi t ion to  job character is t ics) .  Tota l  var iance explanat ion 
ranges between seventeen and for ty- f ive per  cent .  
Table 92.  Overview of results from cross-sectional regression analyses 
regarding hypotheses for individual work performance  
Hypothesis Variable Total  number of  models where 
predictor is s ignif icant (number 
of  models including this 
predictor)  
T ime 
1 
Time 
2 
4c Of f ice no ise 0 (9)  0  (3)  0  (6)  
5c Indoor  c l imate 0 (3)  0  (0)  0  (3)  
6d L ight ing 0 (3)  0  (0)  0  (3)  
7b Contro l  1  (9)  0  (3)  1  (6)  
8c Socia l  dens i ty  2  (9)  1  (3)  1  (6)  
10c Dis t rac t ion 3 (9)  2  (3)  1  (6)  
11d Crowding 0 (9)  0  (3)  0  (6)  
12d Workplace 
appropr ia teness 
1 (3)  0  (0)  1  (3)  
13d Workspace qual i ty  0  (6)  0  (3)  0  (3)  
 
 
Wi th regard to  the research hypotheses (summar ised in Table 92) ,  the models  
d isconf i rm the pred ic ted re la t ionships wi th  the except ion of  hypothes is  11 that  
postu la tes no re la t ionship  between crowding and work per formance.  Dis t ract ion 
appears as s ign i f icant  pred ic tor  in three out  of  n ine regress ion analyses.  In the t ime 
1 models ,  d is t ract ion and soc ia l  dens i ty are the on ly s ign i f icant  pred ic tor  whi le  
severa l  var iab les are s ign i f icant  in one of  the s ix  t ime 2 analyses.  The var iab les 
assoc ia ted wi th  the soc io-spat ia l  env i ronment  seem to p lay a more impor tant  ro le 
than the ones re lated to  the ambient  env i ronment .  The hypothes ised re la t ionships of  
o f f ice no ise,  indoor  c l imate,  l ight ing,  and soc ia l  dens i ty wi th  ind iv idual  work 
per formance are not  conf i rmed.   
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10.5. Summary of cross-sectional regression 
models 
The cross-sect ional  analys is  o f  ef fects  of  the work env ironment  on job sat is fact ion,  
env i ronmenta l  sat is fact ion,  organisat ional  commitment ,  heal th ,  and ind iv idual  work  
per formance shows that  aspects  of  the perce ived of f ice env i ronment  can cont r ibute 
s ign i f icant ly  to var iance exp lanat ion in these outcomes.  The resul ts  o f  the 
regress ions models  for  d i f ferent  samples are summar ised in  Table 93.  Sample s izes 
in  the cross-sect ional  analyses range f rom 120 to 230 and a l low the detect ion of  
medium ef fects  (as opposed to the sample s izes suf f ic ient  for  large ef fects  in the 
longi tud ina l  analyses)  (Mi les & Shevl in ,  2001) .  
Table 93 Summary of stat ist ically signif icant predictors in cross-sectional 
regression models in relat ion to total number of models containing the 
predictor 
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Env i ronmenta l  s t ressors  0(3)  0(1) 1(1) 0(2) 0(2) 0(2) 
L ight ing 0(3) 2(3) 1(2) 0(2) 0(1) 0(1) 0(1) 
Indoor  c l imate 1(3) 2(3) 0(2) 0(2) 0(1) 0(1) 0(1) 
Of f ice no ise 0(3) 2(3)   0(3) 0(3) 0(3) 
Cont ro l  0(3) 1(3)   0(3) 0(3) 1(3) 
Workplace appropr ia teness 2(3)  1(2) 1(2) 0(1) 0(1) 1(1) 
Work and s torage space 0(3) 2(3) 0(1) 0(1) 1(2) 0(2) 0(2) 
Workspace qual i ty  1(3) 3(3) 1(1) 1(1) 0(2) 0(2) 0(2) 
Soc ia l  dens i ty  0(5) 1(5) 0(3) 0(3) 2(3) 0(3) 0(3) 
Dis t rac t ions 1(3) 2(3)   1(3) 0(3) 2(3) 
Pr ivacy 1(6) 4(6) 0(2) 0(2)    
Crowding 2(4) 3(4) 0(2)  0(3) 0(3) 0(3) 
Scope of  act ion 0(3) 0(3)   0(3) 0(3) 0(3) 
Var ie ty 3(3) 0(3)   1(3) 0(3) 1(3) 
Hol is t ic  job 3(3) 0(3)   2(3) 1(3) 2(3) 
Soc ia l  suppor t  1(3) 0(3)   0(3) 2(3) 0(3) 
Soc ia l  s t ress 2(3) 0(1) 1(1) 1(1) 0(2) 2(2) 0(2) 
Over load 0(2) 1(3) 1(3) 1(3)    
 
 
Cross-sect ional  regress ions on job sat is fact ion show that  job character is t ics  are 
cons is tent  pred ic tors  o f  job sat is fac t ion.  Var ie ty and ho l is t ic  job emerge as 
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s ign i f icant  pred ic tors  in  a l l  regress ion models  where they were inc luded as 
independent  var iab les.  S imi lar ly,  soc ia l  s t ress or  soc ia l  suppor t  appear  to  be 
s ign i f icant  pred ic tors  in  a l l  regress ion models .  D i f ferent  var iab les re la t ing to the 
of f ice env ironment  emerge as s ign i f icant  pred ic tors  (Table 93) .  S ign i f icant  pred ic tors  
re la t ing to the of f ice env i ronment  are not the same for  a l l  regress ion models .  
However ,  soc io-spat ia l  aspects  (pr ivacy,  crowding,  and d is t ract ion)  cons is tent ly 
emerge as s ign i f icant  pred ic tors  whi le  ambient  env i ronment  var iab les do not .  
Var iance in job sat is fac t ion expla ined by of f ice env i ronmenta l  fac tors  ranges f rom 
twelve to  th i r ty-seven per  cent .   
 
The analyses for  env i ronmenta l  sat is fact ion ident i fy d i f ferent  aspects  of  the of f ice 
env i ronment  as s ign i f icant  pred ic tors  for  env i ronmenta l  sat is fact ion.  Funct ional  
aspects  (workp lace appropr ia teness) ,  soc io-spat ia l  var iab les (pr ivacy,  crowding,  and 
d is t ract ion) ,  o f f ice des ign var iab les (workspace qual i ty,  work  and s torage spaces) ,  
and of f ice env i ronment  condi t ions (no ise,  l ight ing,  c l imate,  and cont ro l )  have 
in f luences on overa l l  env i ronmenta l  sat is fact ion and expla in  42 to 70 per  cent  of  the 
var iance in th is  const ruct .  
 
The analyses ind icate that  l ight ing,  workp lace appropr ia teness,  and workspace 
qual i ty are pred ic tors  of  organisat iona l  commitment ,  together  wi th  soc ia l  s t ress and 
over load at  work.  The re la t ionship  between aspects  o f  the of f ice env i ronment  and 
organisat ional  commitment  may be context  spec i f ic .  D i f ferent  pred ic tors  were found 
in  the pre-  and post -change s i tuat ions and var iance explanat ion in the post -change 
s i tuat ions was h igher  wi th  26 to 28 per  cent  compared to  12 per  cent  in  the pre-
change s i tuat ion.   
Thus,  changes in  the of f ice env i ronment  may increase employees ’  commitment  to the 
organisat ion by render ing v is ib le employee apprec ia t ion in the work env i ronment .  
Prov id ing appropr ia te work env i ronments  ( the s t rongest  pred ic tor  in the analyses)  
may be a cent ra l  e lement  in soc ia l  exchange between employees and organisat ions 
and symbol ize the soc io-spat ia l  cont ract  (V ischer ,  2005) .  Th is  e f fect ,  however ,  may 
be c lose ly assoc iated to the change in  the env i ronment  that  increases the sa l iency of  
the phys ica l  workp lace and the pers is tence of  th is  e f fect  over  t ime remains to be 
invest igated.  
 
Cross-sect ional  regress ion analyses show assoc ia t ions between heal th  and 
workp lace appropr ia teness,  env i ronmenta l  s t ressors ,  and workspace qual i ty.  These 
facets  of  the phys ica l  env i ronment  pred ic t  heal th  s tatus in  combinat ion wi th  work 
over load and soc ia l  s t ress.  The to ta l  var iance explanat ion for  two models  inc lud ing 
work over load and env ironmenta l  fac tors  is  16 to 23 per  cent  and for  a  model  
inc lud ing a lso soc ia l  s t ress 35 per  cent .   
 
Resul ts  f rom the cross-sect ional  regress ion analyses show that  ind iv idual  work 
per formance was in f luenced by cont ro l ,  d is t ract ion,  soc ia l  dens i ty,  work and s torage 
space,  and workp lace appropr ia teness in some models .  In some regress ion models ,  
however ,  no pred ic tor  re la ted to  the of f ice env ironment  was s ta t is t ica l ly  s ign i f icant .  
Var iance exp lanat ion for  the d i f ferent  measures of  ind iv idual  per formance was 
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s t ronger  by job character is t ics  than by o f f ice character is t ics .  Env i ronmenta l  
character is t ics  exp la in  up to 41 per  cent  of  expla ined var iance a l though in  most  
models  where env ironmenta l  var iables were s ign i f icant  pred ic tors  var iance expla ined 
was between 12 and 16 per  cent .  Dis t ract ion is the most  cons is tent  pred ic tor  re lated 
to  the of f ice env i ronment  for  per formance across d i f ferent  models .   
 
Where regress ions models  could be cross-val idated over  t ime ( i .e.  data co l lec ted wi th  
the same vers ion of  the quest ionnai re  and in the same organisat ions) ,  there was 
l imi ted agreement  in the resu l ts  insofar  as the same predic tors  appeared in  both,  the 
t ime 1 and the t ime 2 analyses.  The par t ia l  d isagreement  between the analyses for  
both po in ts  in  t ime ind icates that  inf luence factors  could  be dependent  on spec i f ic  
aspects  of  the s i tuat ions and therefore are not  genera l izab le  over  d i f ferent  of f ice 
des ign so lut ions.  The dependency of  the causal  re lat ionsh ips on the spec i f ic  of f ice  
des ign is  analysed in  the longi tud inal  regress ion analyses (chapter  10.6) .  
 
A l though s ta t is t ica l  re la t ionships between character is t ics  o f  the of f ice env i ronment  
and outcomes can be estab l ished by the cross-sect ional  regress ion models  most  o f  
the hypotheses are d isconf i rmed.  There is  ev idence for  the in f luence for  some of  the 
hypothes ised re la t ionships between var iab les re la t ing to  the of f ice env ironment  to 
outcomes in some of  the s ta t is t ica l  models .  Fur thermore,  o f f ice des ign var iab les 
re la t ing to the mater ia l  env i ronment  (work and s torage spaces,  workp lace 
appropr ia teness,  and workspace qual i ty)  appear  as impor tant  var iab les for  the 
outcomes s tud ied.  No hypotheses had been formulated for  these var iables based on 
theoret ica l  cons iderat ions  and prev ious research.  
An examinat ion of  the s teps in  the h ierarchica l  regress ion analyses ind icates that  the 
ef fects  of  some env i ronmenta l  character is t ics  are mediated by other  var iab les,  i .e.  
pred ic tors  become stat is t ica l ly ins ign i f icant  when other  var iab les are added to the 
model .  These mediat ion ef fects  concern the re lat ionship o f  cont ro l  wi th  job 
sat is fact ion and per formance,  pr ivacy wi th env i ronmenta l  sat is fact ion and heal th,  
d is t ract ion wi th  env i ronmenta l  sat is fact ion and per formance,  c l imate wi th  
env i ronmenta l  sat is fact ion and heal th ,  and l ight ing wi th  heal th  and per formance.  
Moreover ,  there are indicators  for  suppressor  ef fects  in the h ierarch ical  regress ion 
models ,  i .e.  some var iab les become only s ign i f icant  af ter  more var iables are entered 
in to  the models  in  s teps two or  three.  
 
The pred ic t ive re lat ionship between changes in  the of f ice env i ronment  and changes 
in  outcomes is  analysed in  longi tud ina l  regress ion models .  These analyses are 
descr ibed in the fo l lowing chapter .  
10.6. Longitudinal regression models 
10.6.1. Job satisfaction 
The regress ion model  for  job sat is fac t ion used data f rom quest ionnai re vers ions A 
and B.  In  the model  us ing data f rom vers ion A cont ro l ,  of f ice no ise,  pr ivacy,  soc ia l  
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dens i ty,  d is t ract ion,  soc ia l  s t ressors ,  env i ronmenta l  s t ressors ,  workspace qual i ty,  
work and s torage spaces,  and crowding were entered as pred ic tors .  Job 
character is t ics  are entered in to the model  in  s tep 2 as cont ro l  var iab les.  The 
regress ion analys is  is  summar ised in  Table 94.  I t  shows that  pr ivacy,  cont ro l ,  and 
of f ice no ise are impor tant  pred ic tors  for  job sat is fact ion and that  there are lagged 
ef fects  of  cont ro l  and pr ivacy at  t ime 1.  
Table 94.  Hierarchical longitudinal regression results (beta-values) of job 
and environmental characterist ics on job satisfaction (questionnaire 
version A; N = 57) 
Step Predictor Step 1 Step 2 Step 3 Step 4
1 Job satisfaction time 1 .659*** .564*** .454** .437** 
2  Job Complexity  -.126 -.066 -.227 
 Age  -.029 .008 -.007 
 Gender  .046 .028 .223 
 Scope of action time 2                                  -.039 -.033 -.010 
 Variety time 2  .108 .057 .244 
 Holistic job time 2  .237 .372* .208 
 Social support time 2  .094 .143 .067 
3 Control time 1   -.290* -.612** 
 Office Noise time 1    -.187 -.188 
 Privacy 2 time 1   -.023 .309* 
 (LOG10 of) social density time 1   -.094 .339 
 Distraction time 1   .249 .276 
 Social stress time 1   .117 -.049 
 Environmental stressors time 1   .138 -.334 
 Work and storage space time 1   -.017 .215 
 Workspace quality time 1   .057 .111 
 Crowding time 1   -.075 -.058 
4 Control time 2    .330 
 Office Noise time 2    .413* 
 Privacy 2 time 2    -.467* 
 (SQRT of) social density time 2    -.205 
 Distraction time 2    -.339 
 Social stress time 2    .151 
 Environmental stressors time 2    .286 
 Work and storage space time 2    .099 
 Workspace quality time 2    -.005 
 Crowding time 2    .262 
 ∆R2 at  each s tep .43***  .13 .10 .17*  
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
A second model  wi th  job sat is fac t ion as a dependent  var iab le  and soc ia l  dens i ty,  
pr ivacy,  l ight ing,  Indoor  c l imate,  and workp lace appropr ia teness,  d id  not  show 
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s ign i f icant  addi t iona l  var iance explanat ion (Table 95) ;  on ly job sat is fac t ion at  t ime 1 
was a s ign i f icant  pred ic tor  for  job sat is fact ion at  t ime 2 in  a l l  four  s teps of  the 
regress ion analys is .  This  model  fa i ls  to  conf i rm the impor tance of  pr ivacy as an 
impor tant  pred ic tor  for  job sat is fac t ion.  
 
Table 95.  Hierarchical longitudinal regression results (beta-values) of job 
and environmental characterist ics on job satisfaction (questionnaire 
version B; N = 74) 
Step Predictor Step 1 Step 2 Step 3 Step 4
1 Job satisfaction time 1 .730*** .719*** .698*** .715*** 
2  Job Complexity  -.107 -.113 -.071 
 Age  -.028 -.044 -.053 
 Gender  -.051 -.025 -.088 
 Stress (qualitative and quantitative overload)  -.104 -.062 -.081 
3 (LOG10 of) social density time 1   -.210* -.153 
 Privacy time 1   -.222 -.164 
 Lighting time 1   -.054 -.038 
 Indoor climate time 1   -.051 -.050 
 Workplace appropriateness time 1   .216 .272 
4 (SQRT of) social density time 2    -.142 
 Privacy time 2    -.086 
 Lighting time 2    -.054 
 Indoor climate time 2    .100 
 Workplace appropriateness time 2    -.082 
 ∆R2 at  each s tep .53***  .02 .04 .02 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
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10.6.2. Environmental satisfaction 
The regress ion model  for  env i ronmenta l  sat is fact ion used the same data as the model  
for  job sat is fact ion (see above) .  Th is  model is  summar ised in  Table 96.  A l though the 
increment  in var iance explanat ion in s tep 4 is  substant ia l  and h igh ly s ign i f icant  none 
of  the pred ic tors  is  s tat is t ica l ly s ign i f icant .  Th is  resu l t  may be due to the sample s ize 
wh ich is  smal l  in  re la t ion to the number  of  var iab les.   
 
A second model  us ing data f rom quest ionnai re vers ion B employed overa l l  
env i ronmenta l  sat is fact ion as dependent  var iab le  and soc ia l  dens i ty,  pr ivacy,  
l ight ing,  and indoor  c l imate as independent  var iab les.  Workplace appropr ia teness 
was avai lab le  for  th is  model  but  was not  entered in to the regress ion model  because i t  
is  ext remely  h igh ly corre la ted wi th  overa l l  env i ronmenta l  sat is fact ion (see Table 25 
and Table 26) .  The resul ts  o f  th is  analys is  are d isp layed in  Table 97.  Pr ivacy and 
indoor  c l imate appear  as s ign i f icant  pred ic tors  o f  env i ronmenta l  sat is fac t ion in  th is  
model .  
 
Table 96.  Hierarchical longitudinal regression results (beta-values) on 
environmental  satisfaction (questionnaire version A; N = 57) 
Step Predictor Step 1 Step 2 Step 3 Step 4
1 Work area satisfaction time 1 .362** .420** .272 .172 
2 Job Complexity  -.023 .072 .101 
 Age  .052 .011 -.048 
 Gender  .066 .036 .020 
 Scope of action time 2                                -.103 -.085 -.076 
 Variety time 2  -.174 -.184 .227 
 Holistic job time 2  .239 .306 .040 
 Social support time 2  .098 .102 -.105 
3 Control time 1   -.059 .011 
 Office noise time 1   -.120 -.096 
 Privacy 2 time 1   -.228 -.026 
 (LOG10 of) social density time 1   -.161 .208 
 Distraction time 1   .130 -.171 
 Social stress time 1   .088 .043 
 Environmental stressors time 1   .428 .226 
 Work and storage space time 1   -.015 .077 
 Workspace quality time 1   -.218 -.293 
 Crowding time 1   -.124 -.078 
4 Control time 2    .240 
 Office noise time 2    .412 
 Privacy 2 time 2    .079 
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 (SQRT of) social density time 2    -.043 
 Distraction time 2    .062 
 Social stress time 2    .020 
 Environmental stressors time 2    -.007 
 Work and storage space time 2    .073 
 Workspace quality time 2    .026 
 Crowding time 2    .238 
 ∆R2 at  each s tep .13**  .06 .16 .45***  
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
 
Table 97.  Hierarchical longitudinal regression results (beta-values) on 
environmental  satisfaction (questionnaire version B; N = 74) 
Step Predictor Step 1 Step 2 Step 3 Step 4
1 Overall environmental satisfaction time 1 .328** .327** .405** .338* 
2 Job Complexity  -.084 -.051 -.001 
 Age  .091 .109 .100 
 Gender  .004 -.023 -.088 
 Stress (qualitative and quantitative overload) time 2  .182 .187 .185 
3 (LOG10 of) social density time 1   .073 .102 
 Privacy time 1   -.009 -.083 
 Lighting time 1   -.319* -.047 
 Indoor climate time 1   .343* .107 
4 (SQRT of) social density time 2    -.093 
 Privacy time 2    .281* 
 Lighting time 2    -.093 
 Indoor climate time 2    .301* 
 ∆R2 at  each s tep .11**  .04 .11 .20**  
*  p  < .05,  **  p  < .01,  ***  p  < .001 
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10.6.3. Organisational commitment 
Organisat ional  commitment  was inc luded in  quest ionnai re vers ion B.  A longi tud ina l  
regress ion model  for  organisat ional  commitment  inc luded soc ia l  dens i ty,  pr ivacy,  
l ight ing,  Indoor  c l imate,  and workp lace appropr ia teness as independent  var iab les.  
The analys is  showed that  organisat ional  commitment  at  t ime 1 was the on ly 
s ign i f icant  pred ic tor  for  organisat ional  commitment  at  t ime 2 (Table 98) .  
 
 
Table 98.  Hierarchical longitudinal regression results (beta-values) on 
organisational commitment (questionnaire version B; N = 72) 
Step Predictor Step 1 Step 2 Step 3 Step 4
1 Organisational commitment time 1 .804*** .792*** .820*** .828*** 
2  Job Complexity  -.054 -.046 -.038 
 Age  .041 .036 .062 
 Gender  .016 .040 .036 
 Stress (qualitative and quantitative overload) time 2  -.018 -.002 .057 
3 (LOG10 of) social density time 1   -.049 -.065 
 Privacy time 1   .015 .057 
 Lighting time 1   .003 -.083 
 Indoor climate time 1   -.029 -.032 
 Workplace appropriateness time 1   -.080 -.081 
4 (SQRT of) social density time 2    .125 
 Privacy time 2    -.126 
 Lighting time 2    .045 
 Indoor climate time 2    .120 
 Workplace appropriateness time 2    -.026 
 ∆R2 at  each s tep .65***  .005 .004 .03 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
 
10.6.4. Health 
A regress ion model  for  heal th  was per formed us ing data f rom quest ionnai re  vers ion 
B.  The on ly s ign i f icant  pred ic tor  in a l l  s teps was heal th a t  t ime 1 (Table 99) .  There is  
no s ign i f icant  pred ic t ion of  heal th s tatus by work env ironment  character is t ics .  There 
is  a s ign i f icant  increase in  exp la ined var iance at  s tep 3.  Two var iab les re la ted to the 
of f ice env ironment ,  indoor  c l imate and workp lace appropr ia teness at  t ime 1,  are on ly 
s ign i f icant  by t rend ( i .e .  p  < .1)  in th is  s tep,  however .  
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Table 99.  Hierarchical longitudinal regression results (beta-values) on 
health (questionnaire version B; N = 72) 
Step Predictor Step 1 Step 2 Step 3 Step 4
1 Health status time 1 .705*** .728*** .611*** .608*** 
2  Job Complexity  -.082 -.136 -.090 
 Age  -.045 -.052 -.068 
 Gender  -.030 -.151 -.208 
 Stress (qualitative and quantitative overload) time 2  -.088 -.114 -.119 
3 (LOG10 of) social density time 1   .099 .134 
 Privacy time 1   -.180 -.117 
 Lighting time 1   .098 .080 
 Indoor climate time 1   .194 .121 
 Workplace appropriateness time 1   .273 .210 
4 (SQRT of) social density time 2    -.030 
 Privacy time 2    -.059 
 Lighting time 2    .101 
 Indoor climate time 2    .167 
 Workplace appropriateness time 2    .091 
 ∆R2 at  each s tep .50***  .01 .10*  .04 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
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10.6.5. Individual work performance 
Three regress ion models  for  ind iv idual  work per formance were analysed,  employing 
d i f ferent  measures of  sel f -assessed work per formance.  Data f rom quest ionnai re  
vers ion A were used.  
Table 100. Hierarchical  longitudinal regression results (beta-values) on 
self-assessed performance (questionnaire version A; N = 54) 
Step Predictor Step 1 Step 2 Step 3 Step 4
1 Self-assessed performance time 1 .628*** .506*** .477** .349 
2 Job Complexity  .243 .351* .205 
 Age  .080 .063 .007 
 Gender  -.024 -.034 .045 
 Scope of action time 2                                 .018 -.042 -.033 
 Variety time 2  .161 .081 .285 
 Holistic job time 2  .053 .169 .089 
 Social support time 2  .152 .280 .133 
3 Control time 1   -.022 -.028 
 Office noise time 1   -.436* -.295 
 Privacy 2 time 1   -.299* -.165 
 (LOG10 of) social density time 1   -.265 -.187 
 Distraction time 1   .522* .368 
 Social stress time 1   -.021 -.072 
 Environmental stressors time 1   .117 -.094 
 Work and storage space time 1   -.039 .030 
 Workspace quality time 1   -.037 .028 
 Crowding time 1   -.184 -.201 
4 Control time 2    .003 
 Office noise time 2    -.113 
 Privacy 2 time 2    .052 
 (SQRT of) social density time 2    .124 
 Distraction time 2    -.332 
 Social stress time 2    .190 
 Environmental stressors time 2    .379 
 Work and storage space time 2    .371 
 Workspace quality time 2    -.010 
 Crowding time 2    -.058 
 ∆R2 at  each s tep .40***  .08 .15 .06 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
Cont ro l ,  of f ice  no ise,  pr ivacy,  soc ia l  dens i ty,  d is t ract ion,  soc ia l  s t ressors ,  
env i ronmenta l  s t ressors ,  workspace qual i ty,  work  and s torage spaces,  and crowding 
were entered as pred ic tors .  
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Resul ts  for  se l f -assessed per formance are d isplayed in  Table 100.  For  th is  measure,  
no addi t ional  var iance explanat ion by ent ry o f  var iab les could  be shown.  However ,  
se l f -assessed per formance based on feedback,  a  d i f ferent  outcome measure for  
per formance,  showed that  var ie ty,  a  job des ign var iab le,  and pr ivacy and soc ia l  
s t ress at  t ime 2 are s t rong pred ic tors  of  th is  outcome.  In the longi tud ina l  regress ion 
model  for  s i tuat ional  per formance,  no pred ic tors  re lated to job,  soc ia l ,  and of f ice 
env i ronment  add to  exp la ined var iance (Table 102) .  
Table 101. Hierarchical  longitudinal regression results (beta-values) on 
self-assessed performance based on feedbacks (questionnaire version A; 
N = 55) 
Step Predictor Step 1 Step 
2 
Step 
3 
Step 
4 
1 Self-assessed job performance based on Feedbacks 
time 1 
.477*** .342** .229 .075 
2 Job Complexity  -.019 .190 .120 
 Age  -.105 -.188 -.285 
 Gender  -.169 -.198 -.264 
 Scope of action time 2                                 -.137 -.160 -.172 
 Variety time 2  .199 .207 .373* 
 Holistic job time 2  .121 .145 .112 
 Social support time 2  .282* .372* .016 
3 Control time 1   .086 .212 
 Office noise time 1   -.208 .210 
 Privacy 2 time 1   -.012 -.067 
 (LOG10 of) social density time 1   -.118 -.202 
 Distraction time 1   .249 -.035 
 Social stress time 1   .031 .065 
 Environmental stressors time 1   .300 .334 
 Work and storage space time 1   .071 .177 
 Workspace quality time 1   -.054 -.021 
 Crowding time 1   -.411* -.367 
4 Control time 2    -.204 
 Office noise time 2    -.525* 
 Privacy 2 time 2    .647** 
 (SQRT of) social density time 2    -.038 
 Distraction time 2    -.285 
 Social stress time 2    .476* 
 Environmental stressors time 2    -.204 
 Work and storage space time 2    .238 
 Workspace quality time 2    .206 
 Crowding time 2    -.111 
 ∆R2 at  each s tep .23***  .21*  .10 .24*  
*  p  < .05,  **  p  < .01,  ***  p  < .001 
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Table 102. Hierarchical  longitudinal regression results (beta-values) on 
self-assessed situational performance (questionnaire version A; N = 56) 
Step Predictor Step 1 Step 2 Step 3 Step 4
1 Situational performance time 1 .364** .286 .373 .607** 
2  Job Complexity  .007 .101 -.053 
 Age  .233 .157 -.072 
 Gender  .004 .031 .081 
 Scope of action time 2                                -.093 -.114 .097 
 Variety time 2  -.097 -.202 -.057 
 Holistic job time 2  .188 .376 .203 
 Social support time 2  .227 .292 .047 
3 Control time 1   -.213 -.165 
 Office noise time 1   -.281 -.054 
 Privacy 2 time 1   -.157 -.103 
 (LOG10 of) social density time 1   -.216 -.037 
 Distraction time 1   .070 -.378 
 Social stress time 1   .090 .290 
 Environmental stressors time 1   .269 .155 
 Work and storage space time 1   .160 .203 
 Workspace quality time 1   -.101 -.179 
 Crowding time 1   -.184 -.110 
4 Control time 2    -.066 
 Office noise time 2    .024 
 Privacy 2 time 2    .290 
 (SQRT of) social density time 2    .158 
 Distraction time 2    -.140 
 Social stress time 2    -.068 
 Environmental stressors time 2    .192 
 Work and storage space time 2    .684* 
 Workspace quality time 2    -.368 
 Crowding time 2    -.005 
 ∆R2 at  each s tep .13**  .08 .13 .26 
*  p  < .05,  **  p  < .01,  ***  p  < .001 
 
 
10.7. Summary of longitudinal regression models 
Longi tud ina l  regress ion models  were employed for  the analys is  o f  re lat ionships 
between changes in  the of f ice env i ronment  and outcomes.  Longi tud ina l  regress ion 
models  are used to analyse whether  changes in in f luenc ing var iab les are mir rored by 
corresponding changes in  outcomes whi le  th i rd  var iab les are cont ro l led.  The main 
c lass of  cont ro l led var iab les in  th is  s tudy cons is ts  in job character is t ics .   
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Ef fects  o f  o f f ice env i ronment  character is t ics  on job sat is fac t ion,  env i ronmenta l  
sat is fact ion,  and se l f -assessed per formance based on feedback were found.  On the 
other  hand,  no ef fects  of  of f ice env i ronment  character is t ics  on organisat ional  
commitment ,  heal th ,  se l f -assessed per formance,  and s i tuat ional  per formance were  
ident i f ied.  
 
Job sat is fact ion was in f luenced by ( lack of )  pr ivacy and of f ice no ise.  Fur thermore 
there are lagged ef fects  o f  cont ro l ,  pr ivacy,  and soc ia l  dens i ty a t  t ime 1.  These 
resu l ts  ind icate that  the reduct ion in pr ivacy (F igure 37)  may in f luence job 
sat is fact ion.  S imi lar ly,  h igher  cont ro l  over the of f ice env i ronment  and soc ia l  dens i ty 
a t  t ime 1 corresponds to  lower  job sat is fact ion at  t ime 2.  The percept ion of  
poss ib i l i t ies  to in f luence the own work env ironment  a t  t ime 1 reduces job sat is fact ion 
at  t ime 2.  Th is  e f fect  may a lso be due to a  genera l ised exper ience of  loss of  th is  
in f luence.  
The ef fect  s ize of  the inf luences of  o f f ice env i ronment  var iab les on job sat is fact ion 
can be est imated by the addi t iona l  amount  of  var iance that  is  exp la ined through the 
in tegrat ion of  these var iab les in  b lock 4 o f  the regress ion model .  Env i ronmenta l  
var iab les exp la in  seventeen per  cent  of  var iance in  job sat is fact ion at  t ime 2 in  
addi t ion to  the var iance expla ined by job sat is fac t ion at  t ime 1 and cont ro l  var iab les 
inc lud ing job des ign.  
The inf luence of  env i ronmenta l  fac tors  on job sat is fact ion,  however ,  is  not  conf i rmed 
in  a  second model  us ing a d i f ferent  subset  o f  data and d i f ferent  pred ic tors  re la ted to 
the of f ice env i ronment .  
 
Resul ts  f rom the longi tud ina l  regress ion analyses for  env i ronmenta l  sat is fact ion are 
inconc lus ive.  The in tegrat ion of  the t ime 2 env ironmenta l  var iab les in the four th s tep 
of  the h ierarch ica l  long i tud ina l  regress ions resu l ts  in  substant ia l  increases in  
exp la ined var iance up to  for ty- f ive per  cent .  However ,  in  the f i rs t  model  
(quest ionnaire  vers ion A)  no var iab le  re la ted to  the of f ice env i ronment  emerges as a 
s ign i f icant  pred ic tor .  In  the second model  (quest ionnai re  vers ion B)  pr ivacy and 
indoor  c l imate at  t ime 2 reach s tat is t ica l  s ign i f icance.  
 
For  se l f -assessed job per formance based on feedbacks of f ice no ise,  pr ivacy,  var ie ty,  
and soc ia l  s t ress at  t ime 2 emerged as s ign i f icant  pred ic tors .  Pr ivacy and of f ice 
no ise appear  wi th  opposi te  a lgebra ic  s igns.  Th is  ind icates that  bet ter  assessments  o f  
no ise in  the env i ronment  are assoc ia ted wi th  lower  per formance.  Together  wi th  soc ia l  
s t ress as a fur ther  s ign i f icant  pred ic tor  th is  resu l t  may s ign i fy that  wi th  sat is fac tory 
leve ls  of  pr ivacy and low soc ia l  s t ress,  o f f ice no ise may cont r ibute to  h igher  
per formance.  
 
Sample s izes in the longi tud ina l  regress ion models  range f rom 54 to 74.  These 
sample s izes are suf f ic ient  for  the detect ion of  large ef fects .  The chance to d iscover  
smal l  and medium ef fects  (g iven they exis t ) ,  however ,  is  very l imi ted (Mi les  & 
Shevl in ,  2001) .  The resul ts  found in  the longi tud ina l  analyses descr ibed above 
therefore poin t  to  s t rong ef fects  and po in t  to substant ia l  in f luences of  of f ice  des ign 
var iab les on job sat is fact ion,  env i ronmenta l  sat is fact ion and job per formance.  
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Organisat ional  commitment  and heal th ,  however ,  are not  a f fected by changes in  the 
of f ice env ironment .  A l though the resu l ts  are not  unequivocal ,  pr ivacy seems to be a 
key e lement  o f  the of f ice env i ronment .  Pr ivacy has an ef fect  on job sat is fact ion,  
env i ronmenta l  sat is fact ion,  and se l f -assessed per formance.   
 
Reverse causat ion was not  examined in  th is  research.  I t  is  conceivable  that  outcomes 
analysed here have an impact  on the job and env i ronmental  var iab les i .e .  the 
percept ions of  the env i ronment .  For  example,  employees ’  percept ions of  the 
env i ronment  may be in f luenced by the i r  heal th,  sat is fact ion,  or  per formance s ta tus 
(Zapf ,  Dormann & Frese,  1996) .  Research on reverse causat ion wi th in  the Job 
Demands-Resources f ramework d id  e i ther  resu l t  in  no s ign i f icant  reversed 
assoc ia t ions (Hakanen et  a l . ,  2008)  or  in  weaker  assoc ia t ions for  reverse causat ion 
than for  causal  re lat ionships (De Lange,  Tar is ,  Kompier ,  Houtman & Bongers,  2004) .  
A second methodolog ica l  threat  for  the va l id i ty  and re l iab i l i ty  o f  the f ind ings is  
regress ion toward the mean:  ext remely h igh or  low scores at  t ime 1 may be fo l lowed 
by more moderate scores at  t ime 2.  Longi tud ina l  regress ion analys is  corrects  for  the 
phenomenon of  regress ion towards the mean by inc lud ing the t ime 1 scores as a 
covar ia te.  Thus,  change is  def ined re la t ive to the score at  t ime 1 (Twisk ,  2008) .  
10.8. Discussion of study 1 
The a ims of  the f i rs t  s tudy are twofo ld .  F i rs t ,  the analys is  o f  e f fects  of  changes in  the 
of f ice env ironments  on of f ice users ’  percept ions,  at t i tudes,  and behaviour  is  analysed 
whi le  cont ro l l ing for  job character is t ics  and in f luences f rom the soc ia l  env i ronment .  
Second,  re la t ionships between the perce ived of f ice env i ronment  and ind iv idual - leve l  
outcomes ( job and env ironmenta l  sat is fact ion,  organisat ional  commitment ,  heal th,  
and ind iv idual  work per formance)  are analysed.  
Spec i f ica l ly,  the change f rom ce l lu lar  s t ructures to  mul t i -space of f ices in  four  
organisat ions has been s tud ied.  The impacts  o f  th is  intervent ion in the o f f ice  
env i ronment  are d i f ferent  in the four  organisat ions.  As expected,  the job 
character is t ics  remained unaf fected by the change in  the of f ice env ironment .  
However ,  there was a s ign i f icant  interact ion ef fect  o f  t ime-x-organisat ion on 
perce ived informat ion and par t ic ipat ion suggest ing a decrease in  the exper imenta l  
groups that  may be at t r ibutab le  to  the change in  o f f ice des ign because i t  is  not  
para l le led by a corresponding change in  the cont ro l  group organisat ion.  The change 
processes were not  systemat ica l ly analysed in  th is  research,  but  informal  in terv iews 
ind icate that  the change processes were  s imi lar  between the exper imenta l  groups 
and invo lved users  on ly  ind i rect ly i .e .  by inc lud ing user- representat ives in  the 
process.  Percept ions of  l imi ted informat ion and par t ic ipat ion therefore may p laus ib ly 
be at t r ibuted to the change management .  The impl icat ion for  the interpretat ion of  the 
resu l ts  concern ing job character is t ics  is  that  the measurements  accurate ly capture 
par t ic ipants ’  percept ions.  In re la t ion to  the resu l ts  of  changes in the percept ion and 
assessments  of  the of f ice env i ronments  th is documents that  these resul ts  are not  an 
express ion of  a genera l  d iscontent .  Rather ,  par t ic ipants  seem to g ive deta i led 
account  o f  the i r  percept ions.  Therefore,  the resu l ts  are less l ike ly to  be af fected by 
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common method b iases (Podsakof f ,  MacKenzie,  Lee & Podsakof f ,  2003)  than to 
represent  verac ious ef fects .  
 
The repeated measures analyses of  var iance showed that  the cont ro l  group members ’  
percept ions of  the work env i ronment  remained s tab le  over  t ime.  In the exper imenta l  
groups,  the changes in  the of f ice env i ronments  e l ic i ted changes in  the repor ted 
percept ions and assessments of  the of f ice env ironment .  There were no changes in  
percept ions of  job character is t ics  or  percept ions of  the soc ia l  env i ronment .  A lso the 
preferences for  open or  enc losed of f ices remained unaf fected.  There is  l imi ted 
negat ive ev idence of  workp lace openness on in terpersonal  re la t ions f rom the 
l i terature rev iewed in  chapter  6.  In the f i rs t  s tudy,  however ,  there were  no s ign i f icant  
in f luences of  changes in the phys ica l  o f f ice env i ronments on percept ions of  the 
soc ia l  env i ronment  in terms of  soc ia l  s t ress and soc ia l  c l imate.  Th is  impl ied that  the 
in f luences f rom the soc ia l  env i ronment  on sat is fact ion,  heal th ,  and job per formance 
are independent  f rom the in f luences of  the phys ica l  and soc io-spat ia l  env i ronment .  
Soc ia l  s t ressors and crowding s t ress can be understood as two independent  
concepts .  Soc ia l  suppor t  and soc ia l  s t ressors  therefore are inc luded as pred ic tors  
ra ther  than outcomes in the regress ion models  analysed subsequent ly.  
10.8.1. Effects on job satisfaction 
Repeated measures ANCOVAS showed that  job sat is fact ion was af fected s ign i f icant ly 
by an in teract ion of  t ime and organisat ion (F  (4 ,242)  = 5.50 p < .001,  par t ia l  η2  =  
.08) .  In  three exper imenta l  groups,  job sat is fac t ion was reduced af ter  change of  the 
of f ice env ironment .  In  one organisat ion (organisat ion C)  job sat is fac t ion was h igher  
a f ter  change.  Change of  of f ice  env i ronment  has an ef fect  of  medium s ize on job 
sat is fact ion (as ind icated by the par t ia l  η2  =  .08) .  
 
Longi tud ina l  regress ion analyses show that  pr ivacy and of f ice no ise are the main 
var iab les f rom the of f ice env i ronment  that  inf luence job sat is fact ion.  Changes in  the 
percept ions of  pr ivacy and of f ice no ise expla in  e ighteen per  cent  o f  var iance in  
addi t ion to  the var iance expla ined by job sat is fac t ion at  t ime 1 and cont ro l  var iab les 
inc lud ing job des ign.  Th is  f igure represents  a medium to  large ef fect .  However ,  the 
in f luence of  env i ronmenta l  fac tors  on job sat is fac t ion is  not  conf i rmed in a  second 
model  that  uses a d i f ferent  subset  o f  data and d i f ferent  pred ic tors  re la ted to the 
of f ice env ironment .  
Cross-sect ional  regress ion analyses show that  character is t ics  of  the o f f ice  
env i ronment  such as d is t ract ions,  pr ivacy,  crowding,  c l imate,  and workp lace 
appropr ia teness exp la in  12 to  37 per  cent  of  var iance.  Job character is t ics  exp la in  
addi t iona l  15 to 23 per  cent  and the soc ia l  env i ronment  addi t iona l  0 to 7  per  cent  o f  
var iance in job sat is fac t ion.  In  the cross-sect ional  regress ion models  there are some 
ind icators  for  mediat ion and suppressor  e f fects  concern ing of f ice and job 
character is t ics .  Spec i f ica l l y cont ro l  may be mediated by job character is t ics  and 
crowding ef fects  seem to be suppressed by soc ia l  suppor t  and soc ia l  s t ress 
respect ive ly .  
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Taken together ,  these analyses ind icate that  the of f ice env i ronment  has an impact  on 
job sat is fac t ion.  The ef fect  is  o f  medium to  large s ize and both,  soc io-spat ia l  and 
env i ronmenta l  var iab les p lay a ro le .  
10.8.2. Effects on Environmental satisfaction 
The longi tud ina l ,  repeated measures analyses of  var iance show a main ef fect  for  
organisat ion on work area sat is fac t ion (F  (4 ,140)  =  5.18 p < .01,  par t ia l  η2  = .13) .  
Th is  e f fect  most  l ike ly re f lec ts  the d i f ferent  o f f ice workp lace and des ign s tandards 
appl ied in  the par t ic ipat ing organisat ions.  The in teract ion of  t ime and organisat ion 
was a lso s ign i f icant  (F (4 ,140)  = 5 .48 p < .001,  par t ia l  η2  =  .14 for  work  area 
sat is fact ion and F (3,100)  =  4.83 p <  .01,  par t ia l  η2  =  .13 for  overa l l  env i ronmenta l  
sat is fact ion) .  The ef fect  s ize of  change in  the of f ice env i ronment  in  these analyses is  
moderate.  In  cont rast ,  the ef fect  s izes obta ined in  the longi tud ina l  regress ion 
analyses are substant ia l l y  h igher  (∆R2  = .44 and ∆R2 = .50) .  Both,  the repeated 
measures ANCOVA and the longi tud ina l  regress ions,  however ,  are inconc lus ive in 
d iscover ing the aspects  o f  the of f ice  env i ronment  that  cause the change in  
env i ronmenta l  sat is fact ion.  One longi tud ina l  model  ident i f ies  pr ivacy and indoor  
c l imate as impor tant  factors .  A second longi tudina l  model  shows that  changes in  the 
percept ions of  the of f ice env i ronments  are assoc ia ted wi th  changes in  env i ronmental  
sat is fact ion by a  s tat is t ica l ly s ign i f icant  increment  in var iance explanat ion.  However ,  
none of  the pred ic tors  is  s tat is t ica l ly s ign i f icant .  Th is  resu l t  may be at t r ibuted to  the 
sample s ize that  is  smal l  in  re la t ion to  the number  of  var iab les.  
Cross-sect ional  regress ion models  show that  soc io-spat ia l  var iab les (pr ivacy,  
crowding,  and d is t ract ion) ,  o f f ice des ign var iables (workspace qual i ty,  work and 
s torage spaces) ,  and of f ice env i ronment  condi t ions (no ise,  l ight ing,  c l imate,  and 
cont ro l )  have in f luences on overa l l  env i ronmenta l  sat is fact ion and expla in  42 to  70 
per  cent  of  the var iance in  th is  const ruct .  Fur thermore,  workp lace appropr ia teness is  
very s t rongly cor re la ted wi th  env i ronmenta l  sat is fact ion.  The models  ind icate that  
pr ivacy may be mediated by other  var iab les of  the of f ice env i ronment  (notab ly 
workspace qual i ty and assessment  o f  work and s torage spaces) .  
 
Overa l l ,  because the resu l ts  f rom the longi tud ina l  analyses are less cons is tent  than 
the resu l ts  f rom the cross-sect ional  analyses i t  can be hypothes ised that  for  
env i ronmenta l  sat is fact ion change of  the of f ice env i ronment  may be less impor tant  
than the qual i ty leve l  o f  the of f ice env i ronment .  
 
Whi le  env i ronmenta l  sat is fact ion is  very s t rongly re la ted to percept ions of  facets  o f  
the of f ice env i ronment ,  the theoret ica l  and pract ica l  va lue of  th is  const ruct  remains 
unc lear  and the re lat ionship  between percept ions of  the of f ice env i ronment  and 
env i ronmenta l  sat is fact ion is  equivocal .  Based on the l i terature rev iew (chapter  5) ,  
env i ronmenta l  sat is fact ion can be cons idered a facet  o f  job sat is fact ion.  There is  a  
c lose re la t ionship  between env i ronmenta l  and job sat is fac t ion (see Table 25 and 
Table 26) .  Pract ica l  and theoret ica l  s ign i f icance of  env i ronmenta l  sat is fact ion would 
be greater  i f  the causal  re la t ionship between the two const ructs  was bet ter  
understood.  The impl icat ions of  env i ronmenta l  sat is fact ion as a mediator  between 
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character is t ics  of  the of f ice env i ronment and job sat is fac t ion or  per formance would 
be greater  than as a corre la te o f  job sat is fac t ion or  per formance.  The re la t ionship  
between the const ructs  therefore deserves more empir ica l  research.  
10.8.3. Effects on Organisational commitment 
Organisat ional  commitment  was not  s ign i f icant ly a l tered by changes in  the of f ice 
env i ronment .  Nei ther  the repeated measures ANCOVA nor  the longi tud ina l  regress ion 
ind icate that  var iab les of  the of f ice env i ronment  have an in f luence on organisat ional  
commitment .  Cross-sect ional  regress ion analyses,  however ,  ind icate that  12 to 23 
per  cent  of  var iance in organisat ional  commitment  can be expla ined by of f ice 
env i ronment  var iab les.   
Organisat ional  commitment  is  very s t rongly cor re la ted wi th  job sat is fac t ion (see 
Table 25 and Table 26) .  Fur thermore there is  an over lap between the s t ronger  
pred ic tors  re la t ing to  the of f ice env ironment  for  the two var iab les:  Workp lace 
appropr ia teness,  workspace qual i ty,  soc ia l  s t ress and pr ivacy have a s imi lar  impact  
on both,  job sat is fact ion and organisat ional  commitment .  Resul ts  for  organisat ional  
commitment  therefore can be cons idered as a conf i rmat ion of  the resu l ts  for  job 
sat is fact ion.  
10.8.4. Effects on Health 
The longi tud ina l  s tat is t ica l  analyses for  heal th s tatus do not  show s ign i f icant  ef fec ts  
o f  of f ice env i ronment  var iab les.  However ,  the cross-sect ional  regress ion models  
showed that  workp lace appropr ia teness,  env i ronmenta l  s t ressors,  and workspace 
qual i ty add to  var iance expla ined by soc ia l  s t ress and work  over load.  Var iance 
explanat ion for  regress ion models  inc lud ing job and env ironmenta l  aspects  ranges 
f rom 16 to 30 per  cent .  In  these models ,  var iab les per ta in ing to the of f ice 
env i ronment  exp la in  a  large share of  tota l  var iance expla ined.  However ,  the models  
wi th  heal th  as an outcome were incomplete  wi th  regard to job character is t ics  
10.8.5. Effects on Individual work performance 
Ind iv idual  work per formance was captured wi th  three d i f ferent  measurements for  se l f -
assessed per formance.  There were  no s ign i f icant  ef fec ts  for  two of  them in the 
repeated measures analyses.  However ,  there was a s ign i f icant  main ef fect  o f  
organisat ion on s i tuat ional  job per formance (F  (4 ,125)  = 3.23,  p < .05,  par t ia l  η2  =  
.10)  and there was a s ign i f icant  interact ion between t ime and organisat ion (F  (4 ,125)  
=  4.72,  p < .01,  par t ia l  η2  =  .13) .  The main ef fect  may be expla ined by organisat ional  
cu l ture.  The t ime-x-organisat ion interact ion ef fect ,  on the other  hand,  shows that  
se l f -assessments  o f  s i tuat ional  per formance are lower  a f ter  changes in the of f ice 
env i ronment  in  3 organisat ions.  In organisat ion D and in  the cont ro l  group,  se l f -
assessments  of  s i tuat ional  per formance remained unchanged.  
The longi tud ina l  regress ion analyses revealed that  pr ivacy and soc ia l  s t ress at  t ime 2 
together  wi th  var iety and crowding at  t ime 1 exp la in  28 per  cent  of  var iance in  
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addi t ion to  job character is t ics  and cont ro l  var iab les.  S imi lar ly,  work  and s torage 
spaces at  t ime 2 together  wi th  d is t ract ion and soc ia l  s t ress at  t ime 1 exp la in  th i r ty 
per  cent  of  var iance in s i tuat ional  per formance in  addi t ion to  job character is t ics  and 
cont ro l  var iab les.  
Resul ts  f rom the cross-sect ional  regress ion analyses show lower  f igures for  var iance 
exp lanat ion.  In cross-sect ional  regress ion models  env i ronmenta l  character is t ics  
exp la ined between 0 and 24 per  cent  of  var iance,  wi th  an out l ie r  of  41 per  cent  in 
one model  wi th  s i tuat ional  per formance as the outcome.  The most  impor tant  
pred ic tors  f rom th is  set  o f  analys is  are d is t ract ions and soc ia l  dens i ty.  Addi t ional  
var iance explanat ion by job character is t ics  is  s imi lar  in s ize.  A lso for  th is  outcome 
there are ind icators  for  mediat ion and suppressor  ef fects .  Notab ly the ef fect  o f  
cont ro l  on per formance seems to be mediated by job character is t ics .  
10.8.6. Relationships between office design 
variables and outcomes 
From the longi tud ina l  and cross-sect ional  regress ion analyses conc lus ions regard ing 
the inf luence of  d i f ferent  of f ice env i ronment  character is t ics  can be drawn.  A l though 
due to the l imi tat ions in research des ign imposed by the par t ic ipat ing organisat ions 
not  a l l  var iab les could be analysed in  the i r  in f luence on outcomes in  the same 
conf igurat ions,  an overv iew of  re la t ionships between of f ice des ign var iab les and 
outcomes can be g iven (Table 103) .  Th is  overv iew shows d i f ferent  pat terns of  
re la t ionships.  Three var iab les appear  as key var iab les as they have an in f luence on 
most  outcomes.  These var iab les are workp lace appropr iateness,  workspace qual i ty,  
and pr ivacy.  Workp lace appropr ia teness is  a genera l  assessment  o f  the funct ional  
qual i ty o f  the work set t ing.  Workp lace appropr iateness is  s ign i f icant ly assoc ia ted wi th  
a l l  outcome measures.  Workspace qual i ty re fers  to  the qual i ty o f  the furn ish ings.  Th is  
var iab le  is  re la ted to  a l l  outcomes but  ind iv idual  work per formance.  Pr ivacy descr ibes 
the poss ib i l i ty  to  regulate  in teract ion between se l f  and others .  Pr ivacy in f luences job 
and env i ronmenta l  sat is fact ion,  organisat ional  commitment ,  and work per formance.   
 
In  compar ison to the empi r ica l  l i tera ture,  the resu l ts  f rom the f i rs t  s tudy (summar ised 
in  Table 103)  are most ly cons is tent  wi th  prev ious f ind ings (Table 1) .  The negat ive 
ef fects  of  of f ice no ise on job and env i ronmental  sat is fact ion are conf i rmed.  The 
ef fects  on heal th  or  work  per formance,  however ,  are not  conf i rmed.  As in  prev ious 
research,  a pos i t ive assoc ia t ion between indoor  c l imate and env i ronmenta l  
sat is fact ion was s ta t is t ica l ly s ign i f icant .  Fur thermore,  indoor  c l imate is  a lso 
assoc ia ted wi th  job sat is fact ion in my research.  L ight ing is  assoc ia ted wi th  
env i ronmenta l  sat is fact ion,  a f ind ing that  conf i rms prev ious resu l ts .  However ,  l ight ing 
is  not  assoc ia ted wi th  heal th  or  work  per formance in  my research but  i t  is  assoc ia ted 
wi th  organisat ional  commitment .  The resu l ts  for  cont ro l  over  the of f ice env i ronment  
conf i rm the assoc ia t ion wi th  work  per formance but  not  wi th  job sat is fact ion and 
heal th .  However ,  in  my research cont ro l  is  assoc ia ted wi th  env i ronmenta l  
sat is fact ion.  The f ind ings for  soc ia l  dens i ty in  re la t ion to  job and env ironmenta l  
sat is fact ion was ambiguous in  prev ious and there was a negat ive assoc ia t ion 
between soc ia l  dens i ty and work per formance.  In  my research there is  a  negat ive 
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re la t ionship between soc ia l  dens i ty and env i ronmenta l  sat is fact ion and a pos i t ive 
re la t ionship wi th  work per formance.  Ev idence f rom prev ious research regard ing 
ef fects  of  pr ivacy is  inconc lus ive for  job sat is fac t ion and work per formance and there 
is  a pos i t ive assoc ia t ion between pr ivacy and env i ronmenta l  sat is fact ion.  Th is  
research shows a pos i t ive assoc ia t ion between pr ivacy,  job sat is fact ion,  
env i ronmenta l  sat is fact ion,  and work per formance.  Prev ious f ind ings on the negat ive 
ef fects  of  d is t ract ions and in ter rupt ions on job and env i ronmenta l  sat is fac t ion as wel l  
as  on work per formance are conf i rmed.   
In  addi t ion to  prev ious ly s tud ied inf luenc ing var iab les,  resu l ts  f rom the f i rs t  s tudy 
show that  character is t ics  of  the mater ia l  env i ronment  such as work and s torage 
space and workp lace qual i ty and the funct ional  qual i ty (workp lace appropr ia teness)  
p lay an impor tant  ro le.  
 
Table 103. Summary of empirical ly signif icant relat ionships between 
off ice design variables and outcomes from the f irst  study 
 Outcomes 
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Lighting  +  +   
Indoor cl imate + +    
Office noise -  -     
Environmental  stressors    -   
Work and storage space  +    +  
Workplace appropriateness + + + + + 
Workspace qual i ty + + + +  
Distract ions -  -    -  
Privacy + +   +  
Crowding -  -     
Control   +    +  
Social  densi ty  -    +  
+   pos i t ive in f luence  
-   negat ive inf luence  
0   inconc lus ive ev idence  
Empty no ev idence  
Grey Resul t  f rom longi tud ina l  regress ion 
 
 
Compar ing the resu l ts  to  prev ious longi tud ina l  research on in tervent ions in  the of f ice 
env i ronment ,  the fo l lowing po in ts  can be noted.  Even though the organisat ions 
examined exper ienced the same type of  change in  the of f ice env i ronment ,  analyses 
show that  the changes in  the assessments  of  the of f ice env ironment  character is t ics  
wi th in  organ isat ions do not  fo l low the same pat tern (as is  substant iated by the 
s ign i f icant  t ime-x-organisat ion interact ions) .  Regard ing changes f rom ce l lu lar  o f f ices 
to  open s t ructures,  prev ious longi tud ina l  research documents  decreases in 
sat is fact ion wi th  the phys ica l  env i ronment ,  phys ica l  s t ress,  co-worker  re la t ions,  and 
perce ived job per formance (Brennan et  a l . ,  2002) .  S imi lar ly,  Oldham & Brass (1979)  
repor t  decreases in work  sat is fact ion,  interpersonal  sat is fac t ion,  mot ivat ion,  and job 
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character is t ics .  Za lesny & Farace (1987)  repor t  decreased env i ronmenta l  sat is fact ion 
due to reduced pr ivacy.  Fur thermore,  in the i r  s tudy in terpersonal  re lat ions improved 
and job character is t ics  remained unaf fected wi th  the except ion of  feedback.  However ,  
the resu l ts  on job character is t ics  are unre l iab le  because in  the pre-  and post -change 
surveys d i f ferent  sca les for  the measurement  were used.  The resu l ts  of  my analyses 
suggest  that  changes in  the of f ice env i ronment  wi thout  any other  organisat ional  
change do not  af fect  job character is t ics  and soc ia l  re la t ions.  They do,  however ,  
a f fec t  percept ions of  the of f ice env ironment.  Unl ike the prev ious longi tud ina l  s tud ies,  
not  on ly sat is fact ion was examined as an outcome var iab le .  Changes in the 
percept ions of  the of f ice env i ronment  were accompanied by changes in  job and 
env i ronmenta l  sat is fact ion and s i tuat ional  job per formance.  Converse ly,  there were  
no changes in  organisat ional  commitment ,  heal th  symptoms,  and two measures of  
se l f -assessed job per formance.  
 
From the documented cases and my research,  the causal  re la t ionships among the 
var iab les remain unc lear .  In my s tudy,  organisat ions A and B show s imi lar  pat terns o f  
change that  d i f fer  f rom changes in  organisat ions C and D.  This  pat tern may be due to 
the magni tude of  the change in  the of f ice env ironment :  the increase in soc ia l  dens i ty 
is  about  twice as b ig  in organisat ions A and B as compared to  organisat ions B and C 
(F igure 27) .  For  most  analyses,  the pre-change assessments  are lowest  in 
organisat ion C and h ighest  in  organisat ion D.  Employees in  organisat ion C perce ive 
the move to a  d i f ferent  o f f ice bu i ld ing in  a pos i t ive l ight  wh i le  employees in  
organisat ions A and B are less favourable.  In organisat ion D the h igh leve l  o f  the 
pre-change s i tuat ion is  genera l ly mainta ined.  I t  can be hypothes ised that  
organisat ional  s ize p lays a ro le .  Organisat ion D is  the smal lest  o f  a l l  par t ic ipat ing 
organisat ions and the more pos i t ive rat ings on soc io-spat ia l  aspects  may be due to  
h igher  fami l iar i ty among employees and an organisat ional  cu l ture that  va lues human 
re la t ions.  
 
The impor tance of  the re la t ionships between character is t ics  o f  the of f ice env i ronment  
wi th  outcomes can be assessed by look ing at  the amount  of  var iance these var iab les 
expla in .  The propor t ion of  var iance accounted for  by a cer ta in  var iab le is  a  measure 
of  ef fect  s ize (Cohen et  a l . ,  2003) .  Based on the longi tud ina l  regress ion analyses,  
var iance explanat ion by env i ronmenta l  var iab les for  job sat is fact ion is  e ighteen per  
cent .  Var iance explanat ion for  env i ronmenta l  sat is fact ion is  44 per  cent  in  one model  
and 50 per  cent  in the second model .  No s ign i f icant  in f luences f rom the of f ice 
env i ronment  on organisat ional  commitment  and heal th could be ident i f ied in  the 
longi tud ina l  analyses.  Pr ivacy and soc ia l  s t ress expla in  28 per  cent  of  se l f -assessed 
job per formance and the combinat ion of  work and s torage space wi th  soc ia l  s t ress 
and d is t ract ion (both at  t ime 1)  exp la ins 30 per  cent  in var iance of  s i tuat iona l  
per formance.  
Var iance explanat ion f rom the cross-sect ional  regress ion analyses is  summar ised in  
Table 104.  A l though the regress ion models  d id  not  conta in  a l l  var iab les f rom the 
three broad c lasses of  in f luence (env i ronmental ,  job- re la ted,  soc ia l ) ,  the magni tude 
of  the re la t ive ef fects  can be assessed.  Var iance explanat ion in  job sat is fact ion by 
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aspects  of  the of f ice env i ronment  ranges f rom 12 to 37 per  cent .  Job des ign var iables 
expla in  addi t ional  15 to 23 per  cent .  
Env i ronmenta l  sat is fact ion is  main ly  pred ic ted by var iab les re la t ing to the of f ice 
env i ronment  and v i r tua l ly unaf fected by job des ign.  Var iance in  organisat ional  
commitment  is  exp la ined to a  re la t ive ly large degree by aspect  of  the o f f ice 
env i ronment  (12 to 23 per  cent ) .  Var iance in heal th  s tatus is  accounted for  by 
env i ronmenta l  var iab les to  16 to 26 per  cent .   
The range of  var iance explanat ion by env i ronmenta l  var iab les for  se l f -assessed job 
per formance is  between 0 and 41 per  cent .  Var iance explanat ion for  the measure for  
s i tuat ional  per formance by factors  of  the of f ice env i ronment  is  much h igher  compared 
to  the other  two measures.  
Table 104. R-square change in cross-sectional regression analyses 
 
Vers ion /  
t ime 
∆R2 Of f ice 
env i ronment  
∆R2 Job 
des ign 
∆R2 Soc ia l  
env i ronment  
Job sat is fact ion A pre .28 .19 .05 
 A post  .30 .23 0 
 C post  .37 .15  
 B pre .13 0  
 B post  .12 0  
 D post  .31  .07 
Env i ronmenta l  
sat is fact ion 
A pre .62 0  
 A post  .67 0  
 D post  .58 0  
 B pre .51 .01  
 B post  .42 0  
 C post  .70 0  
Organisat iona l  
commitment  
B pre .12 0  
 B post  .17 .09  
 D post  .23 0 .05 
Heal th  B pre .20 .03  
 B post  .16 0  
 D post  .26 .04 .05 
Sel f -assessed job 
per formance 
A pre .15 .12 0 
 A post  .14 .13 0 
 C post  .12 .13  
Sel f -assessed job 
per formance based on 
feedbacks 
A pre .16 .10 .04 
 A post  0  .24 .08 
 C post  0  .12  
S i tuat ional  job 
per formance 
A pre .19 .12 0 
 A post  .24 .07 0 
 C post  .41 .04  
 
The s i tuat ional  measure of  se l f -assessed job per formance is  based on an appra isa l  o f  
the current  s i tuat ion rather  than on an assessment  of  a longer  per iod in  t ime f rom 
memory.  Th is  type of  measure may be less suscept ib le  to  d is tor t ions assoc ia ted wi th  
assessments of  per formance over  a longer per iod of  t ime.  However ,  i t  may be 
in f luenced by s i tuat ion-spec i f ic  b iases.  Therefore th is  measure should be cons idered 
as a supplement  measure of  other  se l f - report  measures (Semmer,  Grebner  & El fer ing,  
2004) .  The resu l ts  on s i tuat ional  job per formance should be cons idered in  context  
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wi th  the resu l ts  o f  the other  sca les.  The resu l ts  on s i tuat ional  per formance in  the 
post -change surveys ind icate that  job per formance may be more s t rongly in f luenced 
by env i ronmenta l  fac tors  than assumed on the bas is  of  the use of  t rad i t iona l  se l f -
repor t  measures.  On the other  hand,  the resu l ts  may represent  a b iased assoc iat ion 
between features of  new of f ice env i ronments and job per formance.  
The re la t ive s izes of  changes in  var iance expla ined by the three c lasses of  inf luence 
demonst rate that  a thorough understanding of  the in f luences on the outcomes 
examined requi res the combinat ion of  at  least  of f ice and job character is t ics .  The 
ind icators  for  mediat ion and suppressor  e f fec ts  in the cross-sect iona l  regress ion 
models  show that  the re la t ionship  between e lements  o f  of f ice and job des ign seems 
to  be a complex one.  The f ind ings f rom the f i rs t  s tudy show that  more e laborate 
theoret ica l  and methodolog ica l  models  regard ing the in terp lay between of f ice and job 
character is t ics  are needed.  
The d i f ferent  regress ion models  summar ised in Table 104 genera l ly show a 
cons is tent  p ic ture for  the magni tude of  e f fects .  Th is  cons is tency shows that  the 
re la t ionships are independent  o f  the spec i f ic  contexts .  A lso the resu l ts  are cons istent  
over  d i f ferent  vers ions of  the quest ionnai re .  The s imi lar i ty o f  pat terns in  resu l ts  over  
quest ionnai re  vers ions is  an ind icator  for  the s tab i l i ty  o f  the measures and resu l ts .  
However ,  the d i f ferences between organisat ions in  the repeated-measures ANCOVA 
show that  s imi lar  intervent ions in of f ice env i ronments  have d i f ferent  ef fects  in 
d i f ferent  organisat ions.  These d i f ferences may be dependent  on character is t ics  o f  the 
in i t ia l  s i tuat ion,  the change procedures,  and the in terp lay between of f ice and job 
des ign.  They a lso show that  the genera l izabi l i ty  o f  resu l ts  f rom s ing le case s tud ies 
( that  bu i ld the largest  share of  the f ie ld  research l i tera ture)  is  very l imi ted.  
10.8.7. Limitations of first study 
The main l imi tat ion of  the f i rs t  s tudy is  based in  the data co l lec t ion procedure 
imposed by the par t ic ipat ing organisat ions.  The setup of  the f i rs t  s tudy ref lec ts  a  
genera l  l imi ta t ion of  real -wor ld  research,  namely the dependence on data prov ided by 
par t ic ipat ing organisat ions (Robson,  2011) .  Due to l imi ta t ions in  the number  of  
quest ions,  d i f ferent  vers ions of  the quest ionnai re  and quest ionnai re  admin is t rat ion 
have been used.  This  procedure leads to  a f ragmented set  o f  resu l ts  that  must  be 
combined to an overa l l  p ic ture.  A poss ib le  s t rength of  the procedure l ies  in  the 
reduct ion of  common-method b ias25 (Podsakof f  et  a l . ,  2003,  however  c f .  Spector ,  
2006) .  
A fur ther  l imi tat ion of  the s tudy is  the number  o f  par t ic ipat ing organisat ions.  Ef fects  
o f  organisat ion s ize,  degree of  change of  the env i ronment ,  and indust ry cannot  be 
analysed in  th is  sample.  Fur thermore,  the change management  procedure could not  
be thoroughly descr ibed.  In a l l  pro jec ts  user representat ives were invo lved in  pro ject  
organisat ions.  In a l l  organisat ions,  employees ra ted perce ived in format ion and 
                                                          
25 Common-method  b ias  re fe rs  to  the  fac t  tha t  bo th ,  the  independen t  and dependen t  va r i ab les  
a re  measured us ing  the  same method .  Th is  may resu l t  i n  common method va r iance ,  i . e .  t he  
inc reased  p ropor t i on  o f  va r iance  a t t r i bu tab le  to  the  method o f  da ta  co l l ec t i on  (and  no t  to  the  
cons t ruc ts  the  va r iab les  rep resen t ) .  
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par t ic ipat ion lower  a t  t ime 2 than at  t ime 1 (F igure 40) .  A l l  o ther  work des ign 
var iab les remained unchanged between the two points  in t ime.  Moreover ,  a  s imi lar  
decrease was not  observed in the cont ro l  group.  Therefore,  the change management  
process seems to have in f luenced perce ived informat ion and par t ic ipat ion negat ive ly 
in  the par t ic ipat ing organisat ions in  a  s imi lar  way.  
 
Fur thermore,  the par t ic ipat ing organisat ions represent  a  convenience sample.  
Organisat ions were inc luded in  the s tudy on the bas is  o f  the i r  wi l l ingness to 
par t ic ipate and the condi t ion that  they appl ied a change in the of f ice env i ronment  
wi th in  a  cer ta in  t ime f rame.  Convenience sampl ing threatens externa l  va l id i ty,  i .e .  
samples are not  representat ive of  the populat ion and general iz ing f rom the resu l ts  
obta ined f rom a convenience sample may be er roneous (T .  D.  Cook et  a l . ,  1990) .  
However ,  convenience sampl ing may be very usefu l  in  program evaluat ion and 
t reatment  outcome studies (Nugent ,  2010) .  A lso,  nonprobabi l i ty  sampl ing is  rather  
the ru le  than the except ion in  research pract ice and carefu l  in terpretat ion o f  the 
resu l ts  a l low conc lus ions about  causal  connect ion wi th in  the boundar ies of  formal  
causal  genera l izab i l i ty  (Shadish et  a l . ,  2002) .  
 
There may be a b ias in the longi tud ina l  sample due to  non-random at t r i t ion in the 
sample.  The group of  s tayers  is  more homogenous compared to the complete  sample 
and is  composed of  employees exper ienc ing h igher  soc ia l  suppor t ,  h igher  sat is fact ion 
wi th  work and s torage spaces,  lower  soc ia l  s t ress,  and a h igher  preference for  open 
of f ice env ironments .  Addi t iona l ly,  s tayers  are more l ike ly to  be male,  employed to a  
h igher  degree ( i .e .  less part - t ime workers) ,  and have h igher  educat ion and more 
complex jobs.  The ef fect  s izes of  these d i f ferences,  however ,  are smal l  and the 
homogenei ty o f  the subsample may have led to  underest imat ions of  cor re la t ions 
invo lv ing soc ia l  dens i ty and cont ro l  due to var iance rest r ic t ions.   
On the other  hand,  at t r i t ion in the longi tud ina l  sample l imi ts  the power  o f  the 
longi tud ina l  analyses.  Sample s izes in  th is  s tudy are suf f ic ient  for  the detect ion of  
large ef fects  in the longi tud ina l  regress ions.   
For  a  more complete longi tud ina l  des ign,  a second post -change measurement  would 
be des i rab le (Cohen et  a l . ,  2003) .  I t  may be argued that  change of  of f ice 
env i ronments  require  t ime for  ad justments  and adaptat ion.  However ,  the two 
empir ica l  s tud ies of  of f ice- re lated changes that  employed two post -change 
measurement  waves d id  not  detect  d i f ferences between the two po in ts  in  t ime af ter  
the change had occurred (Brennan et  a l . ,  2002;  Oldham & Brass,  1979) .  The sample 
s izes for  the longi tud ina l  analyses are suf f ic ient ly large to detect  large ef fects  only 
(Mi les & Shevl in ,  2001) .  Cross-sect ional  regress ion models  therefore were a lso 
analysed in  order  to  detect  smal ler  e f fects .  The causal  in terpretat ion of  cross-
sect ional  e f fects ,  however ,  is  more tentat ive than wi th  longi tud ina l  analyses.  
10.8.8. Conclusions and implications 
The analys is  of  the ef fects  of  of f ice des ign,  job character is t ics ,  and soc ia l  
env i ronment  on the outcomes shows that  each of  the c lasses has s ign i f icant  
in f luences.  Moreover ,  the resu l ts  show that  job and of f ice character is t ics  are 
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in ter re lated in  complex ways and there are ind icators  for  mediat ion and suppressor  
e f fects .  These f ind ings imply that  focus ing on ly on one c lass of  inf luences is  
insuf f ic ient  for  a  thorough understanding of  job and env ironmenta l  sat is fact ion,  
organisat ional  commitment ,  heal th,  and ind iv idual  per formance.   
The Job Demands-Resources f ramework a l lows the integrat ion of  the ef fects  f rom the 
d i f ferent  c lasses of  in f luences (F igure 45) .  
 
 
 
Figure 45.  Posit ion of environmental variables in Job Demands-Resources 
framework based on results of  f irst  study 
Relat ing the f ind ings to  the theoret ica l  model  based on the Job Demands-Resources 
f ramework,  some hypothes ised assoc ia t ions need to be d iscussed:  Workplace 
appropr ia teness,  workspace qual i ty,  and pr ivacy have pos i t ive re lat ionships to the 
outcomes and therefore can be cons idered as resources (F igure 45)  rather  than 
demands (c f .  F igure 22) .  The same is  t rue for  cont ro l ,  work  and s torage space,  
l ight ing,  and indoor  c l imate.  Based on the rev iew of  l i te rature and theoret ica l  
cons iderat ions,  ambient  env i ronmenta l  factors  (such as l ight ing,  no ise,  and c l imate)  
were expected to appear  as demands rather  than resources.  The resu l ts  f rom my f ie ld  
research in  the f i rs t  s tudy,  however ,  ind icate that  ambient  env i ronmenta l  condi t ions 
tend to  have no or  smal l  pos i t ive re la t ions to the outcomes.  This  resul t  ind icates that  
these condi t ions were in  an acceptable  range in the organisat ions analysed.  Other  
factors  contr ibut ing pos i t ive ly to  the outcomes are re lated to  funct ional  env i ronmenta l  
comfor t .  These factors  are work and s torage space,  workp lace appropr ia teness,  and 
workspace qual i ty.  
Env i ronmenta l  s t ressors ,  o f f ice no ise,  d is t ract ions,  and crowding appear  as demands 
as expected.  However ,  ambient  env i ronmenta l  var iab les seem to cont r ibute to  
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resources through env ironmenta l  comfor t  rather  than as demands re la ted to phys ica l  
env i ronment  factors  as had been hypothes ised on the bas is  o f  prev ious ev idence.  
The reason for  th is  assoc ia t ion of  env i ronmenta l  var iab les to  resources may l ie  in  the 
nature of  f ie ld  research.  Prev ious research on env i ronmental  aspects  such as indoor  
c l imate and l ight ing has re l ied on laboratory exper iments .  The condi t ions generated 
in  the laborator ies may not  be genera l izab le  to  f ie ld  set t ings.  The f ind ings,  however ,  
may a lso be due to  the use of  b ipo lar  rat ing sca les used in the env i ronmenta l  
features ra t ing sca les (Schaef fer  & Presser ,  2003) .  B ipo lar  sca les assume 
unid imensional i ty o f  a  const ruct  f rom d issat is fac tory to sat is factory.  This  assumpt ion 
has been chal lenged in  comfor t  research based on ev idence that  comfor t  and 
d iscomfor t  may be separate d imens ions of  exper ience (Zhang,  1996) .  
 
The s tudy resu l ts  conf i rm the assumpt ion that  in tervent ions in o f f ice env i ronments  
have ef fects  on of f ice users ’  percept ions of  the work env i ronment  but  do not  a f fect  
job character is t ics  and percept ions of  the soc ia l  env i ronment .  Fur thermore,  ind iv idual  
preferences for  open or  enc loses workspaces remain unaf fected.  These changes in  
percept ions of  the of f ice env i ronment  were accompanied by changes in  job and 
env i ronmenta l  sat is fact ion and s i tuat ional  job per formance.  On the other  hand,  there 
were no changes in  organisat ional  commitment ,  heal th  symptoms,  and two measures 
of  se l f -assessed job per formance.  The magni tude of  the change in  soc ia l  dens i ty may 
expla in  the d i f ferent  pat terns of  change in  the organisat ions s tud ies.  The causal  
re la t ionship between changes in  the qual i ty o f  of f ice env i ronments  and changes in  
percept ions and outcomes,  however ,  is  unc lear .   
Longi tud ina l  analyses ind icate that  o f f ice no ise and pr ivacy are causes for  changes 
in  job sat is fact ion.  Workplace appropr ia teness causes changes  in  env i ronmenta l  
sat is fact ion.  Pr ivacy and the assessment  o f  work and s torage spaces may have a 
causal  ef fec t  on se l f -assessed ind iv idual  work per formance.  Addi t ional  cross-
sect ional  regress ion analyses reveal  more corre la t ions between percept ions and 
assessments  of  the of f ice env i ronment  and outcomes analysed.  These resul ts  are 
based on models  that  cont ro l  for  the in f luence of  job character is t ics  and the soc ia l  
env i ronment .  Percept ions and assessments  of  the of f ice env ironment  therefore add to  
var iance expla ined by these c lasses of  inf luence.  Noise,  crowding,  and env i ronmenta l  
s t ressors  appear  as demands,  whi le  workspace des ign var iab les,  workp lace 
appropr ia teness,  indoor  c l imate,  l ight ing, and soc ia l  dens i ty act  as resources.  
However ,  the pat tern o f  in f luence is  not  the same for  a l l  outcomes ( job sat is fact ion,  
env i ronmenta l  sat is fact ion,  organisat ional  commitment ,  heal th ,  and ind iv idual  work  
per formance) .  The var iab les af fect ing most  of  the outcomes s imul taneous ly are 
workp lace appropr ia teness,  workspace qual i ty,  and pr ivacy.  
The f ind ings imply that  because d i f ferent  outcomes are af fected by d i f ferent  aspects  
o f  env i ronmenta l  percept ion,  in tervent ions in of f ice des ign should  be ta i lored to the 
goals  pr ior i t ised in  a spec i f ic  pro ject .  Fur thermore,  many of  the var iab les s tud ied act  
as resources rather  than demands.  Prev ious research tended to focus on h indrances 
or  aspects  of  of f ice env i ronment  that  can e i ther  h inder  or  suppor t  employees.  The 
resu l ts  f rom th is  s tudy suggest  that  there may be more suppor t ing aspects  than 
prev ious ly s tud ied.  Thus the search for  and analys is  o f  fur ther  resources in  of f ice 
env i ronments may expand our  knowledge of  e f fects  o f  of f ice des ign.  
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The resu l ts  in  the par t ic ipat ing four  organisat ions wi th  pre-post  change compar isons 
show heterogenei ty in  s ize and d i rect ion of  effec ts .  In order  to  bet ter  unders tand the 
cont r ibut ion of  o f f ice des ign on these changes,  in  the second s tudy a larger  sample 
of  bu i ld ings is  analysed and data on of f ice des ign parameters  are inc luded in  data 
co l lec t ion and analys is .  Main ly,  a  more deta i led account  is  g iven for  f loor  areas 
wh ich are cruc ia l  space p lanning d imensions of  o f f ice des ign (A.  Marmot  & Eley,  
2000)  and may af fect  sat is fact ion and job per formance (Table 103) .  
 
  238 
 
11. Study 2: Models of influences of office and 
job characteristics on employee perceptions 
and reactions 
The second s tudy extends the scope of  the f i rs t  s tudy and more ob ject ive phys ica l  
o f f ice env i ronment  parameters  are inc luded in a  cross-sect ional  des ign.  The research 
goals  o f  the second s tudy cons is t  in  
  Combined analys is  o f  two leve ls  o f  inf luence re la ted to  of f ice env i ronments on 
of f ice users :  (1)  bu i ld ing and des ign parameters  and (2)  o f f ice users ’  exper ience.  
  D i f ferent iat ion of  wi th in -  and between-bui ld ing ef fects  on users ’  exper ience.  
  Model l ing ef fects  o f  job des ign and des ign of  phys ica l  o f f ice env i ronment  on 
users ’  exper ience.  
 
Wi th regard to  contents  o f  these research goals ,  the focus on bu i ld ing leve l  is  on 
of f ice layout  or  o f f ice type and space a l locat ion,  respect ive ly.  Th is  set  o f  des ign 
parameters  is  on the one hand re levant  for  user  exper ience on the soc ia l -
organisat ional  d imension of  s ta tus and on ind iv idual  d imens ion of  exper ience 
(V ischer ,  2005) .  On the other  hand the analys is  o f  th is  set  of  parameters  cont r ibutes 
to  a bet ter  sc ient i f ic  understanding user  percept ions of  the soc io-spat ia l  env i ronment ,  
a  f ie ld o f  knowledge that  car r ies  impor tant  appl icat ions for  ba lanc ing cost ,  s tatus,  
comfor t ,  and employee per formance in  space planning and des ign pract ice (A.  
Marmot  & Eley,  2000) .  The emphasis  among the outcomes (sat is fact ion,  heal th,  and 
work per formance)  is  on ind iv idual  work per formance:  d i f ferent  measures of  
ind iv idual  work per formance are employed in  order  to  s tudy the re lat ionship  between 
character is t ics  of  o f f ice des ign and th is  c lass of  outcomes.  
11.1. Aim and research questions 
Models  of  the ef fects  o f  the env ironment  on of f ice users  can capture inf luences that  
are constants  across of f ice env i ronments.  The env i ronmenta l  qual i ty o f  one spec i f ic  
o f f ice,  however ,  is  a combinat ion of  des ign e lements  in  interact ion wi th  users  and the 
organisat ion-spec i f ic  condi t ions and work tasks.  Thus env ironmenta l  qual i ty is  not  
exact ly the same in every o f f ice (V ischer ,  1989) .  For  theoret ica l  and pract ica l  
reasons,  i t  is  des i rab le  to  know the ob ject ive of f ice bu i ld ing character is t ics  that  
cause the d i f ferences in env i ronmenta l  qual i ty.  
The a im of  the second s tudy cons is ts  in the analys is  o f  the degree to which 
re la t ionships between of f ice des ign and user percept ions is  context -dependent .  Th is  
a im refers  to  the in f luence of  bu i ld ing-organisat ional  un i t  ent i t ies26 on ind iv idual - leve l  
outcomes.  The analyses  are per formed us ing mul t i leve l -models ,  a  s tat is t ica l  
technique that  accounts  for  h ierarch ica l  s t ructures in  data.  In  th is  s tudy data on the 
ind iv idual  leve l  (user  percept ions)  can be ass igned to h igher  order un i ts  (bu i ld ings)  
                                                          
26 The  ob jec t  o f  empi r i ca l  s tud ies  o f  o f f i ce  bu i l d ings  i s  an  en t i t y  tha t  i s  composed  o f  a  ce r ta in  
o rgan isa t iona l  un i t  i n  a  spec i f i c  bu i l d ing .  In  th i s  s tudy,  the  te rm bu i ld ing  i s  used  in  the  sense  
o f  such  an  en t i t y .   
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that  are character ised by cer ta in  a t t r ibutes27.  Thus,  wi th in-  and between-bui ld ing 
ef fects  on users ’  exper ience are d i f ferent iated and the var iance is  cor rect ly 
par t i t ioned to  the adequate leve l .  Wi th  th is  procedure the research quest ions which 
are formulated as fo l lows can be s tud ied:  
 
Research quest ions :  Which bu i ld ing leve l  var iab les exp la in  var iance in 
employee- leve l  outcomes (employee sat is fact ion,  heal th ,  and work 
per formance)? How much var iance in  employee leve l  outcomes is  exp la ined by 
bu i ld ing leve l  var iab les? Do bui ld ing leve l  var iab les moderate ind iv idual- leve l  
re la t ionships between percept ions of  the of f ice env i ronment  and outcomes 
( i .e.  are ind iv idual - leve l  re la t ionships  d i f ferent  in  d i f ferent  contexts)? 
 
These quest ions are t rans la ted into mul t i leve l  model  compar isons wi th  incrementa l ly 
added var iab les.  Model  0  conta ins  the dependent  var iab le  on ly and serves as a 
basel ine.  In model  0 var iance is  par t i t ioned between leve l  1  (employees)  and leve l  2  
(bu i ld ings) .  I t  descr ibes the var iance explanat ion caused by membersh ip to groups,  
i .e .  bu i ld ings.  Models  1  to  3 conta in  leve l  1  var iab les on ly.  In  model  1 cont ro l  
var iab les are added,  model  2  conta ins o f f ice env i ronment  character is t ics  whi le  model  
3  inc ludes perce ived job character is t ics .  In model  4  leve l  2 var iab les are added.  Each 
model  can be compared to  i ts  predecessor  and th is  compar ison shows whether  the 
more complex model  f i ts  the data bet ter  than the s impler  model  (dev iance s ta t is t ic ;  
Hox,  2010) .  Thus,  the explanatory va lue of  d i f ferent  pred ic tors  can be analysed.  The 
goal  o f  a  ser ies  of  model  compar isons cons ists  in f ind ing the model  that  f i ts  best  and 
is  at  the same t ime as pars imonious as poss ib le .  
 
The models  analysed in  the second s tudy are based on known ind iv idual  leve l  
assoc ia t ions between perce ived character is t ics  o f  the of f ice env i ronment ,  perce ived 
job character is t ics ,  and outcomes.  The bu i ld ing leve l  extens ions inc lude of f ice type 
and spat ia l  dens i ty.  These var iab les have rece ived a re lat ive ly large amount  of  
a t tent ion and have been shown to  inf luence job and env i ronmenta l  sat is fact ion (see 
chapter  6 .3) .  However ,  o f f ice  type and spat ia l  dens i ty have not  been analysed in  
mul t i leve l  approaches.  The analys is  of  of f ice type and spat ia l  dens i ty on ind iv idual  
leve l  may be mis leading and an atomis t ic  fa l lacy may be present .  Th is  type of  fa l lacy 
re fers  to  drawing in ferences regarding var iab i l i ty  across groups based on ind iv idual  
leve l  data.  Th is  fa l lacy descr ibes the poss ib le d i f ference between assoc ia t ions at  the 
ind iv idual  and the group leve l .  Th is  prob lem ar ises when a conceptua l  model  that  
be longs to the h igher  leve l  (e.g .  assoc ia t ions of  spat ia l  dens i ty and group 
per formance)  is  tes ted wi th  data col lec ted on ly a t  a lower  leve l  (Hox,  2010) .  
Th is  fa l lacy is  a lso re levant  for  the s tudy of  e f fects  of  openable windows and 
vent i la t ion.  Vent i la t ion type (Jaakkola & Miet t inen,  1995;  Mendel l ,  F isk ,  Deddens,  
Seavey,  Smi th ,  Smi th,  Hodgson,  Daisey & Goldman,  1996;  Zweers et  a l . ,  1992)  and 
operable  windows (Brager  & Baker ,  2009;  Brager ,  Pal iaga & De Dear ,  2004)  have 
                                                          
27 Organ isa t i ons  a re  a  th i rd ,  h igher - leve l ,  h ie ra rch ica l  un i t .  However ,  t he  number  o f  
o rgan isa t ions  w i th  mu l t i p le  bu i l d ings  in  the  sample  i s  too  smal l  fo r  the  s tudy o f  3 - leve l  mode ls  
(B icke l ,  2007,  p .  282 ,  ment ions  a  ru le  o f  thumb tha t  sugges ts  to  do  a  mu l t i l eve l  ana lys i s  w i th  
a t  l eas t  20  g roups  and  30  observa t i ons  pe r  g roup) .  In  th i s  s tudy,  6  ou t  o f  24  o rgan isa t i ons  
p rov ided more  than one  bu i l d ing  in  the  o f f i ce  bu i l d ing  sample .  
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been shown to a f fect  bui ld ing users ’  heal th and sat is fact ion.  Therefore these two 
bu i ld ing character is t ics  are inc luded in  the analyses.  Fur thermore,  many parameters  
o f  of f ice bu i ld ings and the i r  perce ived qual i ty may be re la ted to bu i ld ing age and t ime 
s ince the las t  indoor  re furb ishment ,  respect ive ly (Thomas,  2010) .  In addi t ion to  these 
var iab les,  bu i ld ing s ize as a bu i ld ing leve l  measure of  soc ia l  dens i ty (c f .  chapter  6 .4  
o f  theory sect ion) .  
11.2. Method 
11.2.1. Research design, Sample, and Data 
Collection 
The second s tudy is  based on a cross-sect iona l  research des ign.  Twenty- four  
organisat ions vo lunteered to par t ic ipate in the s tudy and a to ta l  of  th i r ty -n ine 
bu i ld ings could be analysed.  A l l  but  one of  the bu i ld ings are located in the German 
speaking par t  o f  Swi tzer land,  one bui ld ing is  located in Germany.  Table 105 g ives an 
overv iew of  the organisat ions and bui ld ings analysed.  The bui ld ing sample cons is ts  
o f  e leven cel l  o f f ice concepts ,  e leven smal l  group of f ices,  four teen large group 
of f ices,  two open space of f ices,  and one combi-o f f ice.  The th i r ty-n ine of f ices in the 
of f ice bu i ld ing sample are spread over  twenty- four  organisat ions.  Par t ic ipat ion in the 
s tudy was vo luntary for  organisat ions and employees.  S ix  organisat ions par t ic ipated 
wi th  more than one of f ice bu i ld ing:  three organisat ions par t ic ipated wi th  two 
bu i ld ings,  and three organisat ions par t ic ipated wi th  four ,  f ive ,  and seven of f ice 
bu i ld ings,  respect ive ly (see Table 105) .  
Table 105. List  of part icipant organisations and buildings analysed in 
second study 
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 Techno logy A2 X    X  X  8  8  529 SG 57  
 Pub l i c  
Admin is t ra t i on  
B2 X    X  X  69  3  80  LG 27  
 IT  C2   X   X    3  3  18  SG 12  
 Cons t ruc t i on  D2  X    X   X 43  5  39  C  23  
 Pub l i c  
Admin is t ra t i on  
E2  X  X    X 11  11  250 C  93  
 Pub l i c  
Admin is t ra t i on  
F2   X   X   X 108 10  280 C  66  
 F inanc ia l  
se rv ices  
G2   X  X   X X 40  1  258 SG 27  
 F inanc ia l  
se rv ices  
H2   X  X    X 3  3  700 CO 45  
 Cons t ruc t i on  I2a  X    X   X 38  11  32  LG 23  
 Cons t ruc t i on  I2b  X    X   X 3  3  31  SG 18  
 Cons t ruc t i on  J2  X    X   X 18  18  30  SG 18  
 H igher  
Educa t ion  
K2a  X  X    X 40  1  30  C  39  
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 H igher  
Educa t ion  
K2b  X  X   X X 2  2  150 C  43  
 H igher  
Educa t ion  
M2  X    X   X 102 1  28  C  45  
 H igher  
Educa t ion  
N2   X  X    X 4  4  70  SG 24  
 Cons t ruc t i on  O2   X   X   X 32  0  35  C  35  
 Cons t ruc t i on  P2 X    X   X 4  4  70  SG 25  
 Cons t ruc t i on  Q2   X   X   X 17  0  105 LG 43  
 Fac i l i t y  
Management  
R2a  X    X   X 38  11  70  LG 22  
 Pharmaceu t i ca l  
Indus t ry  
S2a  X  X     2  2  217 SG 29  
 Pharmaceu t i ca l  
Indus t ry  
S2b  X  X   X  2  2  248 LG 28  
 Pharmaceu t i ca l  
Indus t ry  
S2c   X  X   X X 0  0  145 LG 33  
 Pharmaceu t i ca l  
Indus t ry  
S2d  X  X   X  3  3  256 LG 46  
 Consu l t i ng  T2  X   X   X X 3  3  989 OS 16  
 P ro fess iona l  
Assoc ia t ion  
U2  X    X  X  38  0  37  SG 16  
 Techno logy V2a X   X     3  3  380 LG 30  
 Techno logy V2b  X   X   X 63  4  450 SG 36  
 Te lecom W2a  X   X   X 19  2  173 LG 30  
 Te lecom W2b X   X   X X 26  0  102 LG 19  
 Te lecom W2c  X  X    X 103 2  750 LG 57  
 Te lecom W2d X   X     28  7  80  LG 12  
 Te lecom W2e X    X   X 28  2  830 LG 65  
 Te lecom W2f   X   X   X 33  2  45  LG 10  
 Te lecom W2g X   X    X 2  2  1630 OS 65  
 F inanc ia l  
Serv ices  
X2a X    X   X 155 3  80  SG 28  
 F inanc ia l  
Serv ices  
X2b X    X   X 72  5  64  C  27  
 F inanc ia l  
Serv ices  
X2c   X   X   X 57  5  100 C  32  
 F inanc ia l  
Serv ices  
X2d  X   X   X 67  4  130 C  60  
 F inanc ia l  
Serv ices  
X2e  X   X   X 45  4  25  C  20  
Sum  39  18  21  16  23  10  30      1344 
 M iss ing  
in fo rmat ion  
           29  
Mean         34  4  245  35  
Std. 
Dev. 
        36  4  333  18  
Total  39            1373 
 C  =  Ce l l  o f f i ce ,  SG =  Sma l l  g roup ,  LG =  La rge  g roup ,  OC =  Open  space,  CO =  
combi -o f f i ce  
 
 
Organisat ions were inv i ted to  par t ic ipate and i f  they d id  they rece ived a l ink  to the 
on- l ine survey they could d is t r ibute to  the employees in  the of f ice bu i ld ing.  
Reminders for  employees were a lso sent  v ia  e-mai l  and v ia a contact  person in  the 
bu i ld ing.  Due to th is  procedure,  no response rates can be ca lcu la ted.  The lower  
bound of  the response ra te can be ca lcu la ted by d iv id ing the number  o f  par t ic ipants  
by the number  of  workspaces in the of f ice bu i ld ings.  Th is  calcu la t ion resu l ts  in  a 
theoret ica l  va lue of  14 per  cent .  S ince the l inks to  the surveys were sent  to  
employees of  cer ta in  organisat ional  un i ts  and not  to  a l l  occupants  in the bu i ld ings,  
the rea l  response rate  is  much h igher .  Col lect ion of  ob ject ive bu i ld ing-re la ted data 
was carr ied out  by f loor  p lan analyses and s i te inspect ion.  Data were co l lec ted in the 
per iod f rom October  through December 2008.   
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The to ta l  sample of  employees cons is ts  of  1373 par t ic ipants .  The mean age of  the 
par t ic ipants  is  40.1 years  (s tandard dev ia t ion 10.6 years) .  The age d is t r ibut ion of  the 
to ta l  sample is  presented in  F igure 46.  For ty-s ix  per  cent  of  the par t ic ipants  are 
women.  Seventy- f ive per  cent  o f  the par t ic ipants  are fu l l - t ime employees (F igure 47) .  
 
 
Figure 46.  Age distr ibution of part icipants in the second study 
 
 
 
Figure 47. Degree of employment 
Study par t ic ipants  were asked to  est imate the amount  of  t ime they spend in  the of f ice 
bu i ld ings in  re la t ion to the i r  to ta l  work ing t ime.  The resu l ts  are presented in  F igure 
48.  Three quar ters  of  a l l  par t ic ipants  spend more than 70 per  cent  of  the i r  work ing 
t ime in  the i r  home base of f ice bu i ld ing.  The main act iv i ty in  the of f ice is  desk work 
wi th  a  median of  more than 70 per  cent  (F igure 49) .  
 
 
3.0
6.5
2.5
8.3
5.2
74.5
less than 50%
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Figure 48.  Ratio of working t ime spent in the off ice building (N = 1333)  
 
 
Figure 49. Amount of t ime spent in different activit ies (N = 1331) 
Off ices are def ined by the i r  form and the i r  funct ion.  Consequent ly,  archi tectura l  and 
funct ional  features other  than p lan layouts  are requi red for  the descr ip t ion of  of f ices.  
Of f ice typo log ies therefore combine env i ronmenta l  fac tors  that  may have addi t ive ly or  
o therwise combined e lements ,  and that  may have mediat ing or  compensatory e f fects  
on each other  (Bodin Danie lsson & Bodin,  2008) .  Combinat ions of  arch i tectura l  and 
funct ional  features can be c lus tered to categor ise of f ice types.  The main and 
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dominant  arch i tectura l  feature is  spat ia l  organisat ion.  The funct ional  features ref lec t  
the work pract ices that  take p lace in  the of f ice ( i .e.  the funct iona l  qua l i ty for  the 
of f ice user) .  Of f ice types can be descr ibed as fo l lows (Bodin Danie lsson & Bodin,  
2008;  Stan iek,  2005) :  
 
  Open space of f ices are character ised by large open p lans that  are most ly f ree of  
co lumns and conta in more than 50 workspaces.  Of ten workstat ions are f ree ly 
ar ranged in groups and screens are used between workstat ions to reduce no ise 
and prov ide a min imal  degree of  pr ivacy.  Whi le or ig ina l ly open of f ices were 
main ly used to prov ide cheap workspace (Boje,  1971) ,  today the advantages for  
in teract ion among employees are s t ressed (e .g.  La ing,  2006) .  Open space of f ices 
are recommended for  rout ine work wi th  spontaneous communicat ion demands 
(E ise le & Stan iek,  2005) .  
  Group of f ices (or  smal l  open space of f ices)  conta in  4 to 50 workspaces.  The 
development  of  th is  type can be seen as a ref inement  of  the open space of f ice.  
The ut i l i sat ion of  advantages of  open space of f ices ( few s ta tus markers ,  
communicat ion)  is  combined wi th  the compensat ion of  the i r  d isadvantages (no ise,  
l ight  and d is tance to windows,  no ind iv idual  regulat ion of  c l imate) .  Group of f ices 
are recommended for  formal  work groups,  i .e.  for  people wi th  s imi lar  work 
ass ignments or  people that  use in format ion f rom each other  or  need to 
co l laborate for  the i r  tasks (E ise le & Stan iek ,  2005) .  In th is  s tudy smal l  (3  to  15 
workspaces)  and large (16 to  50 workspaces)  group of f ices are d i f ferent ia ted.   
  Cel lu lar  o f f ices are smal l  enc losed of f ices wi th  1  to 2  users.  Cel lu lar  of f ices 
cons is t  of  rooms a long the façade of  a bu i ld ing and thus every room has access 
to  a window.  The p lan layout  is  character ised by long corr idors  that  connect  smal l  
o f f ices to each other .  Of f ice work  in ce l lu lar  of f ices is  character ised by 
independence and the poss ib i l i ty  to  concentrate ,  or  to  work  wi thout  being 
d is turbed or  d is t racted respect ive ly.  Th is  is  t rue main ly i f  a ce l lu lar  of f ice  is  
occupied by one person.  Comfor t  rat ings vary s ign i f icant ly between one and two 
person ce l lu lar  of f ices in  a  s tudy f rom Denmark (Pej tersen et  a l . ,  2006) .  These 
d i f ferences in  comfor t  ra t ing,  however ,  do not  t rans la te in to  d i f ferences in heal th 
symptoms in  th is  s tudy.  Thus,  whi le  ce l lu lar  o f f ices in o f f ice typo log ies usual ly 
are d iscussed as of f ices for  1  to  2 users ,  th is  def in i t ion may obscure impor tant  
d i f ferences between so lo  use and other  ce l lu lar  o f f ices.  
  Combi-Of f ices combine ce l lu lar  and open spaces.  They prov ide h igh leve ls  of  
personal  enc losure at  the bu i ld ing per imeter  and shared spaces in the in terna l  
space.  This  type of  o f f ice a l lows a qu ick change f rom ind iv idual  to group work and 
v ice versa.  Combi-of f ices thus prov ide spaces on an “as-needed”  bas is  and take 
advantage of  open and enc losed spaces.  
 
Pr imar i ly,  of f ice types are d i f ferent ia ted accord ing to the i r  spat ia l  and funct ional  
character is t ics .  However ,  modern of f ice concepts  cannot  be def ined on ly  by the i r  
spat ia l  features but  inc lude tempora l  occupancy of  workspaces (Got tschalk ,  1994;  
La ing,  2006;  Stan iek,  2005) .  Non- ter r i tor ia l  of f ice use ( f lex  o f f ice) ,  however ,  is  
uncommon in  Swi tzer land and none of  the par t ic ipat ing organisat ions employed non-
ter r i tor ia l  concepts  a t  the t ime of  the s tudy.  Contemporary open space and group 
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o f f ices in  Swi tzer land usual ly are implemented as mul t i -space of f ices (Stan iek,  
2005) .  The mul t i -space character  refers  to employees hav ing personal  workstat ions 
and can use addi t ional  funct ion-spec i f ic  spaces accord ing to  the i r  tasks and needs.  
Open space and group of f ices can be des igned in  very d i f ferent  forms.  Therefore,  
severa l  measures of  avai lab le  space per  person are examined in  th is  s tudy in  order  
to  character ise d i f ferent  var iants o f  the same of f ice type.  
11.2.2. Measures 
Measures on the ind iv idual  leve l  inc lude demographic  cont ro l  var iab les (gender ,  age,  
and tenure) ,  job character is t ics ,  percept ions of  the of f ice env i ronment ,  and outcomes 
(see Table 106 for  an overv iew) .  The leve l  2 var iab les are o f f ice type,  spat ia l  dens i ty 
(workspace area;  tota l  space per  person and rat io  o f  workspace to shared space per  
worksta t ion) ,  vent i la t ion,  windows,  bu i ld ing age,  t ime s ince las t  refurb ishment ,  and 
s ize of  organisat ion-bui ld ing un i t  in  terms of  workp laces.  
11.2.2.1. Level 1 measures: perceived office 
environment 
A major  l imi ta t ion to mul t i leve l  model l ing is  the complex i ty o f  the models .  Mul t i level  
models  tend to become instab le  wi th  increasing complex i ty,  main ly due to  cross- leve l  
in teract ions and mul t icol l inear i ty (Kref t  & De Leeuw,  1998) .  Theoret ica l  and 
substant ive l i te rature on of f ice bu i ld ing level  ef fects  is  very l imi ted.  S impl ic i ty o f  the 
models  analysed in  th is  s tudy is  therefore cons idered a l imi t ing yet  necessary factor .  
Complex models  o f ten are not  informat ive and tend to render  interpretat ion and 
appl icat ion of  resu l ts  d i f f icu l t  (B icke l ,  2007).  Therefore,  the set  of  explanatory leve l  1  
var iab les was l imi ted and the fo l lowing var iab les were se lected to measure the core 
aspects  of  of f ice env i ronment  percept ion (c f .  chapter  6) :  
  Ambient  env i ronment :  of f ice no ise,  l ight ing,  and indoor  c l imate 
  Soc io-spat ia l  env i ronment :  pr ivacy,  d is t ract ions,  and soc ia l  dens i ty 
  Mater ia l  env i ronment :  workp lace appropr ia teness,  work and s torage space,  
and workspace qual i ty 
  Cont ro l  over  the of f ice env i ronment .  
 
The sca les used in  the second s tudy (Table 106)  are genera l ly the same as in the 
f i rs t  s tudy (see sect ion 9.2 .4) .  The measures of  job character is t ics  were reduced to  
scope of  ac t ion,  var ie ty,  and qual i tat ive and quant i tat ive over load at  work .  Most  
theoret ica l  approaches and empi r ica l  resu l ts  tend to f ind scope of  act ion (autonomy)  
the most  impor tant  job character is t ic  (e.g.  Frese & Zapf ,  1994;  Humphrey et  a l . ,  
2007;  Karasek,  1979;  Karasek & Theore l l ,  1990) .  Var iety is  the second most  
impor tant  job character is t ic  in a  meta-analys is  (Fr ied & Ferr is ,  1987) .  Qual i ta t ive and 
quant i tat ive over load are cruc ia l  fac tors  ( job demands)  for  we l l -be ing (e .g .  Karasek & 
Theore l l ,  1990;  Schaufel i ,  Bakker  & Van Rhenen,  2009) .  
Outcome measures were completed wi th  a  sca le on work engagement .  Work 
engagement  is  def ined as “a pos i t ive,  fu l f i l l ing,  work- re la ted s ta te o f  mind that  is  
  246 
 
character ized by v igour ,  dedicat ion,  and absorpt ion”  (Demerout i  & Bakker ,  2008,  p .  
69) .  The sca le  on work engagement  was taken f rom Demerout i  (1999;  Demerout i ,  
Moster t  & Bakker ,  2010;  Oldenburg Burnout  Inventory,  OLBI) .  Or ig ina l ly developed to 
assess burnout ,  i t  inc ludes pos i t ively and negat ive ly phrased i tems and therefore can 
a lso be used to assess work engagement  (Bakker ,  Schaufe l i ,  Le i ter  & Tar is ,  2008;  
Demerout i  et  a l . ,  2010;  Gonzàlez-Romà,  Schaufe l i ,  Bakker  & L loret ,  2006) .  The work 
engagement  measure conta ins two d imensions,  the f i rs t  one represent ing v igour  
(exhaust ion)  and the second one represent ing dedicat ion (d isengagement) .  V igour  
re fers  to  h igh leve ls  o f  energy at  work and dedicat ion descr ibes a sense of  
s ign i f icance,  enthus iasm, insp i rat ion,  and pr ide.  
Table 106. Overview of the scales used in the second study 
 Scale Low values High values 
Jo
b
 c
h
ar
ac
te
ri
st
ic
s Scope of  act ion Low cont ro l ,  low degree of  autonomy,  few 
dec is ion poss ib i l i t ies  
High cont ro l ,  h igh 
degree of  autonomy,  
many dec is ion 
poss ib i l i t ies  
Variety Few sk i l ls  and ab i l i t ies  
requi red 
Many sk i l ls  and ab i l i t ies  
requi red 
Cognit ive demand at  
work 
High qual i tat ive 
over load 
No qual i tat ive over load 
Quanti tat ive over load at  
work 
Strong t ime pressure or  
h igh quant i ta t ive 
over load 
No t ime pressure or  
quant i tat ive over load 
O
ff
ic
e 
en
vi
ro
n
m
en
t 
Social  densi ty Low soc ia l  dens i ty  High soc ia l  dens i ty  
Work and storage space Not  enough work and 
s torage space 
Enough work and 
s torage space 
Workspace qual i ty Inappropr iate  and 
unappeal ing  of f ice 
furn i ture 
High ly appropr ia te  and 
appeal ing of f ice 
furn i ture 
Indoor cl imate Poor  l ight ing condi t ions Excel lent  l ight ing 
condi t ions 
Lighting Poor  indoor  c l imate Excel lent  indoor  c l imate 
Workplace 
appropriateness 
Inadequate workspace High ly adequate 
workspace 
Control  Low cont ro l  over  own 
work ing env i ronment  
High cont ro l  over  own 
work ing env i ronment  
Office noise Much d is turb ing no ise L i t t le  d is turb ing no ise 
Distract ion Many audi tory and 
v isua l  d is t ract ions 
Few audi tory and v isua l  
d is t ract ions 
Privacy Low pr ivacy High pr ivacy 
o
u
tc
o
m
es
 
Work area sat isfact ion Low work area 
sat is fact ion 
High work area 
sat is fact ion 
Overal l  environmental  
sat isfact ion 
Low overa l l  
env i ronmenta l  
sat is fact ion 
High overa l l  
env i ronmenta l  
sat is fact ion 
Job sat isfact ion Low job sat is fact ion High job sat is fact ion 
Health symptoms Bad heal th,  h igh 
f requency of  
psychosomat ic  
symptoms 
Good heal th,  low 
f requency of  
psychosomat ic  
symptoms 
Dedicat ion Disengagement  Engagement  
Vigour Exhaust ion Vigour  
Self -assessed job 
performance 
Low per formance High per formance 
Self -assessed job 
performance based on 
Feedbacks 
Low per formance High per formance 
Situat ional  job 
performance 
Low per formance High per formance 
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Work engagement  has been shown to  be pos i t ive ly re la ted to  job per formance 
(Bakker  & Demerout i ,  2008 for  an overv iew) .  Work engagement  was used as an 
outcome measure in th is  s tudy and was chosen to  complement  the per formance 
measures used in  the f i rs t  s tudy.   
 
11.2.2.2. Level 2 measures: objective office 
environment 
In  addi t ion to  se l f - repor t  measures,  in  th is  s tudy measures for  the descr ip t ion of  
bu i ld ing-re la ted of f ice aspects  are employed:  
  Of f ice type (coded as 1 = ce l l  of f ice,  2 =  smal l  group of f ice,  3 =  large group 
of f ice,  4  = open space,  and 5 =  combi-of f ice)  
  Vent i la t ion type (0  =  natura l ,  1  = mechanica l )  
  Bu i ld ing age in  years  
  T ime s ince las t  indoor  re furb ishment  in years  (equal  to bu i ld ing age in  case 
no indoor  refurb ishment  has been carr ied out  s ince the bu i ld ing has been 
bui l t )  
  Windows (0 =  not  openable,  1 = openable)  
  Bu i ld ing s ize (number  of  workspaces)  
  Spat ia l  dens i ty (see be low)  
 
F loor  area measures for  spat ia l  dens i ty are used as an operat ional izat ion of  phys ica l  
dens i ty.  At  present ,  there is  no s tandard measure of  phys ica l  dens i ty in  o f f ice 
workp lace research (Duval ,  Char les & Ve i tch,  2002) .  Measures for  f loor  areas 
therefore were developed us ing categor ies based on DIN 277 (DIN Deutsches Inst i tu t  
für  Normung e.V. ,  1987)  and the descr ipt ions of  the pr imary funct ion areas there in .  
Th is  norm serves for  ca lcu la t ion of  f loor  areas and cubature of  bu i ld ings or  par ts  o f  
bu i ld ings.  DIN 277 spec i f ies  the ru les for  the ca lcu la t ion of  these areas and vo lumes.  
However ,  in  DIN 277 funct ion areas are confounded wi th  o f f ice types,  e.g .  open p lan 
of f ices are a  subcategory o f  o f f ice space as a pr imary funct ion area.  This  leads to  
i l log ica l  categor isat ions,  for  example c losed break rooms in  open p lans are not  
cons idered par t  o f  the of f ice area but  open cafeter ia  areas are counted as par t  of  the 
of f ice area a l though the funct ion of  both types of  spaces is  the same.  Therefore,  
categor ies were developed that  are more appropr ia te  for  the descr ipt ion of  
contemporary o f f ice s t ructures that  o f ten are hybr id  forms of  d i f ferent  o f f ice types 
( i .e.  mul t i -space of f ices,  see above) .  These categor ies should a lso represent  
d i f ferent  funct ions in  re la t ion to  act iv i t ies  in d iverse areas.  The DIN 277 categor ies 
therefore were extended by a descr ip t ion of  d i f ferent  zones in  open space of f ices and 
focus rooms were added as a category o f  o f f ice space (F igure 50) .  Grey squares in 
F igure 50 are DIN 277 categor ies and whi te  squares represent  a l terat ions.  With  th is  
extens ion,  spaces are d i f ferent iated accord ing to the i r  use and of f ice areas for  
ind iv idual  and soc ia l  work act iv i t ies  can be d is t ingu ished.  
Categor ies used for  the descr ip t ion of  o f f ices in  th is  s tudy are the fo l lowing:  
  Workspace area inc ludes space for  accommodat ion of  desk,  cha i r ,  s torage,  and 
other  necessary equipment  in ce l l  of f ices or  open spaces.  I t  a lso inc ludes v is i tor  
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chai rs  as wel l  as  smal l  rooms for  concent rated work ( “ focus rooms”)  in open-p lan 
o f f ices.  
  C i rcu la t ion area inc ludes c i rcu lat ion areas in  the le t tab le  area (pr imary c i rcu lat ion 
on the workp lace f loors)  and c i rcu la t ion areas wi th in  the usable o f f ice space 
(secondary c i rcu lat ion) .  
  Meet ing area inc ludes meet ing rooms and meet ing zones.  
  Communicat ion area inc ludes break rooms,  break zones,  recreat ion rooms,  
cafeter ias and k i tchenet tes.  
A l l  measures were s tandard ised in re la t ion to to ta l  workspaces in the bu i ld ing and 
thus represent  d i f ferent  facets  of  phys ica l  dens i ty.   
Based on th is  d i f ferent ia t ion of  f loor  areas,  spat ia l  dens i ty can be ca lcu la ted in three 
d i f ferent  ways:  
  Spat ia l  dens i ty I :  workspace area per  person ( ind iv idual  space)  
  Spat ia l  dens i ty I I :  tota l  o f f ice  space per  person (ava i lab le  space per  person,  
composed of  ind iv idual  and shared spaces:  workspace area,  c i rcu lat ion area,  
meet ing area,  and communicat ion area)  
  Spat ia l  dens i ty I I I :  ra t io o f  workspace area to shared spaces per  person 
 
 
 
Figure 50.  Area definit ions (based on DIN 277, 1987, see text)   
 
Al l  f loor  area measures were ca lcu la ted on the bas is  of  f loor  p lans.  Of f ice type and 
bu i ld ing s ize were ident i f ied us ing f loor  p lans and was va l idated dur ing a bu i ld ing 
inspect ion.  Where there were severa l  o f f ice types,  the dominant  type was coded for  
the bu i ld ing (see Table 105) .  Informat ion on bu i ld ing s ize was a lso asked f rom the 
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fac i l i t ies  manager .  The categor isat ion of  vent i la t ion type (natura l  vs .  mechanica l )  and 
windows (openable vs.  not  openable)  is  a lso based on informat ion f rom the fac i l i t ies  
manager  and the bu i ld ing walk through.  Bui ld ing age and t ime s ince las t  indoor  
re furb ishment  was asked f rom the fac i l i t ies  manager .  
 
11.2.3. Construct validity and internal consistency 
of scales 
The i tems of  the work engagement  sca le  were analysed in  a  pr inc ipa l  component  
analys is  and in terna l  cons is tency was computed.  The procedure for  assess ing 
const ruct  val id i ty and in terna l  cons is tency of  sca les is  the same as in  the f i rs t  s tudy 
(see chapter  9.2 .5) .   
Table 107. Pattern matrix of  the principal component analysis for OLBI 
i tems  
 Component 
1 2 3 
OLBI4  .741   
OLBI12  .736   
OLBI10  .709   
OLBI8  .653   
OLBI5  .647   
OLBI14  .617 -.432  
OLBI16 .514   
OLBI2  .478   
OLBI6   .712  
OLBI7   .711  
OLBI1   .627  
OLBI11   .620  
OLBI9   .620  
OLBI3   .555  
OLBI13   .737 
OLBI15   .666 
Note: factor loadings below .4 are omitted 
 
 
In  d isagreement  wi th  publ ished resu l ts ,  the pr inc ipa l  components  analys is  for  the 
s ix teen work  engagement  i tems resu l ted in three components  (Table 107) .  Bas ica l ly,  
the factor  s t ructure could  be reproduced;  however ,  two i tems f rom the or ig ina l  
dedicat ion component  bu i l t  a separate component  ( “This  is  the on ly type of  work that  
I  can imagine mysel f  do ing. ”  and „ I  fee l  more and more engaged in  my work. ” ) .  These 
two i tems therefore were exc luded f rom subsequent  analyses and a second PCA was 
conducted wi thout  them. This  second PCA conf i rmed the factor  s t ructure of  the work 
engagement  measure (Table 109) .  
  250 
 
The interna l  cons is tenc ies of  the new sca les are presented in  Table 109.  The va lues 
for  in terna l  cons is tency are sat is fac tory.   
 
Table 108. Pattern matrix of  the confirmatory principal component 
analysis for OLBI items  
 Component 
1 2 
OLBI12  .723  
OLBI4  .716  
OLBI10 .714  
OLBI14  .674  
OLBI5 .655  
OLBI8  .616  
OLBI16  .518  
OLBI2  .446  
OLBI7  .778 
OLBI1   .734 
OLBI6   .725 
OLBI9   .639 
OLBI11   .621 
OLBI3   .605 
Note: factor loadings below .4 are omitted 
Table 109. Internal consistency (Coeff icient Alpha) of the addit ional work 
engagement scales 
Scale /  
construct  
(var iable codes 
in brackets)  
Subscales Number of  i tems 
Internal  
consistency 
(Coeff icient  Alpha)  
as publ ished in  
source of  scale 
Internal  
consistency  
 
Work 
engagement  
(OLBI1-OLBI16)  
V igour  (OLBI2 ,  
OLBI4 ,  OLBI5 ,  
OLBI8 ,  
OLBI10 ,  
OLBI12 ,  
OLBI14 ,  
OLBI16)  
8  0 .73  0 .82 ;  N =  1275  
 Ded ica t i on  (OLBI1 ,  
OLBI3 ,  OLBI6 ,  
OLBI7 ,  OLBI9 ,  
OLBI11)  
6  0 .83  0 .81 ;  N =  1307  
 
11.2.4. Data screening and transformation 
Analyses of  the d is t r ibut ions of  the var iab les showed that  most  var iab les are 
moderate ly negat ive ly skewed.  S imi lar ly to  the f i rs t  s tudy,  d is t r ibut ions for  soc ia l  
s t ress caused by co l leagues and by superv isors  had the shape of  exponent ia l  
d is t r ibut ions.  Therefore a lso in  the second s tudy the two scales were in tegrated to 
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form a measure of  soc ia l  s t ress.  Th is  measure was log- t ransformed in order  to  fur ther  
improve i ts  d is t r ibut ion.  Other  var iab les that were log- t ransformed in order  to  improve 
the normal i ty o f  the d is t r ibut ions are work area sat is fact ion,  soc ia l  dens i ty,  heal th,  
and se l f -assessed per formance based on feedbacks.  S i tuat ional  per formance was 
t ransformed us ing square root  t ransformat ions.  
As in the f i rs t  s tudy,  qual i ta t ive and quant i ta t ive over load were in tegrated to  form a 
genera l  over load at  work  sca le  in order  to  improve the d is t r ibut ion and in terna l  
cons is tency.  
The descr ipt ive s ta t is t ics  for  the var iab les used in  the second s tudy are presented in  
Table 110.  The Alpha va lues are appropr ia te.  
Table 110. Descript ive stat ist ics for the level 1 measures used in the 
second study 
 N Minimum Maximum Mean Std. 
Deviation 
Cronbach’s 
Alpha 
Scope of action 1335 1.00 5.00 3.78 0.79 .78
Variety 1339 1.00 5.00 3.87 0.78 .78
Overload 1337 1.00 5.00 2.74 0.75 .69
(LG10) of Social Density 1305 0.00 2.00 0.84 0.59 n/a28
(Log of) Work and storage space 1368 0.00 0.70 0.43 0.22 .86
Workspace quality 1366 1.00 5.00 3.61 0.92 .84
Lighting 1369 1.00 7.00 4.84 1.10 .85
Indoor climate 1369 1.00 7.00 4.22 1.24 .85
Workplace appropriateness 1369 1.00 7.00 4.24 1.02 .83
Control 1361 1.00 5.00 3.13 0.84 .84
Office noise 1360 1.00 7.00 4.72 1.11 .74
Distraction 1356 1.00 7.00 4.27 1.36 .83
Privacy 1363 1.00 5.00 3.21 0.82 .84
(Log of) Work area satisfaction 1366 0.00 0.70 0.40 0.18 .94
Job satisfaction 1364 1.00 7.00 4.75 1.10 .77
(Log of) health symptoms 1344 0.00 0.70 0.47 0.14 .87
Dedication (work engagement) 1343 1.17 4.00 3.18 0.53 .81
Vigour (work engagement) 1342 1.00 4.00 2.18 0.49 .82
Self-assessed job performance 1337 2.00 5.00 3.87 0.52 .76
(Log of) Self-assessed job 
performance based on 
Feedbacks 
1332 0.00 0.70 0.44 0.13 .84
(Log of) Situational job 
performance 
1336 0.00 1.52 0.81 0.27 .71
Valid N (listwise) 1252          
 
 
The bu i ld ing sample cons is ts  of  e leven ce l l  of f ice concepts ,  e leven smal l  group 
of f ices,  four teen large group of f ices,  two open space of f ices,  and one combi-of f ice.  
                                                          
28 C ronbach ’s  A lpha  cannot  be  computed  fo r  soc ia l  dens i t y  because  th i s  i s  an  ob jec t i ve  
measure  (and no t  a  mu l t i - i tem sca le )  o f  t he  number  o f  pe rsons  in  an  o f f i ce  room.  
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The quant i ta t ive leve l  2 data are summar ised in Table 111.  Screening of  the nominal  
and ord ina l  data revealed that  29 bu i ld ings have natura l  vent i la t ion and 10 bu i ld ings 
have mechanica l  vent i la t ion.  In 30 bu i ld ings the windows can be opened and in 9  
bu i ld ings windows are not  openable.  
 
The descr ipt ions of  the space categor ies per  workspace are summar ised in  Table 
111.  The average of f ice space per  workp lace is  18.4 m2 (median 16.9m2 ) .  These 
va lues are cons is tent  wi th  va lues f rom a FM market  and benchmark ing survey for  
Swiss of f ices (pom+ Consul t ing AG,  2009) .  Mean va lues for  tota l  workspace per  
person in th is  survey were 19m2  (s tandard dev iance 6m2 ) ,  the median va lue was 
18m2.  
 
Table 111. Floor space categories per workstat ion in m2  
 
Workspace 
area per 
workplace 
Circulation 
space per 
workstation 
Meeting 
space per 
workstation 
Communication  
space per 
workstation 
Sum of social 
spaces per 
workstation Total
N Valid 39 38 38 38 38 38
Missing 0 0 1 1 1 1
Mean 10.54 5.36 1.86 .66 7.80 18.41
Median 10.34 3.87 1.69 .37 6.45 16.89
Std. 
Deviance 
2.34 2.99 1.29 .70 4.19 5.61
Minimum 7.40 1.26 .23 .00 2.28 10.12
Maximum 15.38 13.78 7.16 2.44 19.38 32.72
11.2.5. Statistical analysis 
Off ice bu i ld ings d i f fer  f rom each other  in var ious ways.  In  order  to  examine the 
in f luence of  bu i ld ing character is t ics  on ( ind iv idual  leve l )  outcomes,  mul t i leve l  
analyses are employed.  This  type of  s tat is t ica l  analys is  is  an extens ion of  
mul t ivar ia te regress ion.  I t  takes account  of  research des igns where data are 
organised at  more than one leve l .  Mul t i leve l  analyses incorporate h ierarch ica l  
s t ructure by a l lowing in tercepts  (means)  and s lopes ( re la t ionships between var iab les)  
to  vary between h igher  leve l  un i ts  ( i .e .  bu i ld ing character is t ics)  (Tabachnick & F ide l l ,  
2007) .  Th is  procedure al lows the ident i f icat ion of  wi th in-  and between-bui ld ing 
ef fects  on users ’  exper ience.  
Mul t i leve l  analyses account  for  the fact  that  data are organised by h igher  leve l  
const ructs .  In  th is  s tudy,  ind iv iduals  are nested wi th in  o f f ices.  I t  can be assumed that  
h igher  leve l  (contextua l)  var iab les in  the h ierarchy in t roduce dependency in  the data 
(F ie ld,  2009) .  Th is  dependency can be assessed us ing int rac lass corre la t ion:  The 
h igher  the in t rac lass corre la t ion,  the more homogenei ty among par t ic ipants  wi th in  
bu i ld ings (or  groups def ined by bu i ld ing level  character is t ics) .  Because ind iv iduals  in 
cer ta in contexts  are more s imi lar  to each other  than ind iv iduals  across contexts ,  leve l  
1  l inear  models  may d i f fer  across contexts  ( i .e.  leve l  2  var iab les) .  More prec ise ly,  
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wh i le  exp lanatory var iab les and outcomes are the same,  regress ion coef f ic ients  vary 
between contexts .  The two leve ls  may be l inked by us ing a h ierarch ica l  system of  
regress ion equat ions (Hox,  2010)  that  l ink  together  the models  by a leve l  2  model  in  
wh ich the regress ion coef f ic ients  of  the leve l  1  models  are regressed on the leve l  2  
exp lanatory var iab les.  Mul t i leve l  models  thus  invo lve a s ta t is t ica l  in tegrat ion of  
d i f ferent  models .  In random coef f ic ient  models ,  leve l  1  regress ion coef f ic ients  are 
t reated as random var iab les at  leve l  2  ( “ random” coef f ic ients)  varying randomly 
across groups around an overa l l  so lu t ion va l id for  the whole  sample or  populat ion 
( “ f ixed” coef f ic ients) .  Level  1  regress ion coef f ic ients  are v iewed as or ig inat ing f rom a 
probabi l i ty  d is t r ibut ion.  Mean and var iance are the most  impor tant  parameters  of  th is  
d is t r ibut ion.  These parameters  are est imated in the mul t i leve l  model .  Unexpla ined 
var iance in the dependent  var iab le  is  d iv ided in to  d i f ferent  components  and th is  more 
complex s t ructure of  er ror  var iance a l lows a more prec ise est imat ion of  the 
regress ion coef f ic ients  of  the mul t i leve l  model .  Adding leve l  2  exp lanatory var iab les 
to  the random coef f ic ient  model  makes i t  more genera l  and usefu l  (Kref t  & De Leeuw,  
1998) .   
 
Mul t i leve l  model l ing is  of ten conducted in  a sequence of  s teps (Hox,  2010;  
Tabachnick & F ide l l ,  2007) .  The s tar t ing po in t  is  an intercept -on ly model  ( i .e .  a  model  
wi th  no explanatory var iab les)  that  is  usefu l  as  a  nu l l  model  and serves as a 
benchmark wi th  which other  models  are compared.  This  model  a l lows the ca lcu lat ion 
of  an in t rac lass corre lat ion as an in i t ia l  examinat ion of  the degree of  between-group 
var ia t ion.  An in t rac lass corre lat ion represents  the propor t ion of  the to ta l  var iab i l i ty  in  
the outcome that  is  at t r ibutab le  to  the leve l -2 explanatory var iab le  (F ie ld ,  2009) .  
Thus i t  is  a  measure of  e f fect  s ize (Tabachnick & F ide l l ,  2007) .  I f  bu i ld ings have a 
large ef fect  on users ’  percept ions then the var iab i l i ty  wi th in  the bu i ld ing wi l l  be smal l  
because users  tend to repor t  s imi lar  percept ions and assessments.  This  leads to 
min imized var iab i l i ty  in  se l f - repor ts  wi th in  bu i ld ings and to  maximised var iab i l i ty  
between bu i ld ings.  In th is  case,  the in t rac lass corre la t ion wi l l  be large.  
Fur ther  models  inc lud ing pred ic tors  are compared to the in tercept -on ly us ing a 
s tat is t ic  ca l led deviance  which ind icates how wel l  the model  f i ts  the data (Hox,  2010) .  
Models  wi th  leve l  1  independent  var iab les are analysed f i rs t ,  y ie ld ing random 
coef f ic ient  regress ion models .  Level  2  independent  var iab les are entered in  the 
models  subsequent ly to  see how they af fect  the leve l  1 intercepts  and s lopes (F ie ld ,  
2009;  Hox,  2010;  J .  H.  Kahn,  2011;  Tabachnick & F ide l l ,  2007) .  
 
The advantages of  the mul t i leve l  approach are four fo ld (F ie ld ,  2009;  Tabachnick & 
F ide l l ,  2007) .  F i rs t ,  mul t i leve l  models  correct ly par t i t ion var iance to the adequate 
leve l .  They overcome the assumpt ion of  homogenei ty o f  regress ion s lopes between 
d i f ferent  groups by model l ing th is  var iab i l i ty  in  re la t ionships.  Second,  wi th  mul t i leve l  
models  the cons is tency of  the re lat ionship between independent  and dependent  
var iab les across d i f ferent  contexts  ( leve l  2 var iab les)  can be examined.  Third ,  
mul t i leve l  models  are robust  against  v io lat ions of  homoscedast ic i ty and spher ic i ty 
and do not  requi re  independent  data.  Four th ,  mul t i leve l  models  are robust  in  re la t ion 
to  miss ing data.  
 
  254 
 
12. Results of Study 2 
12.1. Descriptive results 
Table 112 d isp lays the corre lat ion matr ix  for  leve l  1  var iab les.  The corre la t ion matr ix  
shows that  degree of  employment ,  educat ion leve l ,  and rat io  o f  t ime spent  in the 
of f ice bu i ld ing have few s ta t is t ica l ly  s ign i f icant  cor re lat ions wi th  workp lace 
percept ions and outcomes.  Corre lat ions between these contro l  var iab les and job 
character is t ics ,  heal th symptoms,  and dedicat ion are s ign i f icant ,  but  smal l  in  s ize.  
Tenure is  s ign i f icant ly cor re la ted wi th  a l l  work  env i ronment  var iab les whereas age is  
not .  Fur thermore,  soc ia l  dens i ty is  negat ive ly corre la ted wi th  a l l  other  work 
env i ronment  var iab les,  i .e .  h igher  soc ia l  densi ty is  assoc iated wi th  lower  rat ings of  
o f f ice env i ronment .  The in tercorre la t ions between var iab les per ta in ing to the of f ice 
env i ronment  are s ta t is t ica l ly s ign i f icant  and the s izes are medium to  h igh.   
The corre lat ion matr ix  for  leve l  2  var iab les is  presented in  Table 113.  The matr ix  
shows a s ign i f icant  negat ive corre la t ion between bui ld ing age and of f ice type 
ind icat ing that  o lder  bu i ld ings tend to  have of f ice rooms of  low soc ia l  dens i ty ( i .e .  
ce l l  of f ices or  smal l  group of f ices)  and newer  bu i ld ings tend to have larger  of f ice 
rooms.  Fur thermore,  s ize of  of f ice bu i ld ing is  cor re la ted wi th  predominant  of f ice type 
and workspace s ize,  ind icat ing that  larger  o f f ice bu i ld ings conta in  larger  of f ice rooms 
wi th  less ind iv idual  workspace per  employee.  Vent i la t ion and openable windows are 
corre lated as can be expected:  in bu i ld ings wi th  natura l  vent i la t ion windows can be 
opened.  Vent i la t ion is  a lso s ign i f icant ly cor re la ted wi th  the spat ia l  dens i ty measure 
that  combines shared space wi th  workspace area per  person.  In  bu i ld ings wi th  h igh 
ra t ios  o f  shared space,  mechanica l  vent i la t ion is  employed.  Measures of  spat ia l  
dens i ty are corre lated as fo l lows:  ind iv idual  workspace per  employee is  s ign i f icant ly 
cor re lated wi th  to ta l  avai lab le  space per  person.  The sum of  ava i lab le  space per  
person is  a lso s ign i f icant ly cor re la ted to the rat io  o f  shared space to workspace,  i .e .  
the h igher  the tota l  ava i lab le  space the h igher  a lso the rat io  o f  shared space.  This  
f ind ing ind icates that  increases in  to ta l  space per  person are due to  increases in 
shared spaces.  
 
 
 
         255 
 
Table 112. Correlat ion matrix for level 1 variables 
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Tenure .588**
Sex .191** .151**
Degree of employment -.037 .061* .320**
highest degree .129** -.047 .274** .121**
Ratio of time spent in office 
building to total work time
-.141** -.109** -.204** .090** -.182**
Scope of action .103** .058* .060* .097** .153** -.217**
Variety .109** .045 .080** .132** .147** -.211** .502**
Qualitative and quantitative stress 
at work
.027 .079** .145** .151** .122** -.050 -.017 .237**
(LG10) of Social_Density -.032 .171** .115** .132** .059* -.059* -.084** -.080** .056
Assessment of diverse spaces 
offered in building
-.027 .047 .141** .170** .149** -.188** .178** .188** .043 .216**
(Log of) Work and storage space -.019 -.117** -.046 -.051 .018 -.021 .175** .141** -.159** -.200** .104**
Workspace assessment -.033 -.086** -.038 -.035 -.020 -.036 .184** .207** -.056 -.092** .236** .449**
Lighting -.019 -.061* .123** -.004 .056 -.056 .143** .188** -.020 -.074* .188** .376** .484**
Ventilation / temperature .023 -.098** .141** -.048 .092** -.046 .145** .199** -.007 -.254** .164** .317** .434** .504**
Workplace appropriateness -.060* -.133** -.018 -.037 -.031 -.008 .209** .213** -.106** -.359** .190** .539** .653** .546** .580**
Control -.069* -.119** -.079** -.022 -.038 -.010 .296** .237** -.075** -.415** .149** .456** .507** .381** .408** .696**
Controllability and adaptability of 
work environment
-.067* -.153** .036 -.049 -.032 .013 .110** .149** -.017 -.465** .012 .321** .304** .392** .561** .483** .458**
Office noise -.044 -.082** -.022 -.056 -.055 -.021 .160** .144** -.145** -.302** .080** .322** .367** .343** .436** .626** .456** .353**
Distraction -.030 -.113** -.059* -.078** -.069* .004 .186** .159** -.201** -.419** .056 .344** .391** .338** .385** .683** .558** .398** .656**
Privacy -.047 -.141** -.036 -.037 -.051 -.002 .190** .167** -.179** -.478** .066* .354** .400** .331** .405** .697** .638** .453** .613** .752**
(Sqrt of) Crowding .070* .131** .056 .052 .006 .009 -.135** -.131** .138** .356** -.081** -.431** -.412** -.369** -.421** -.678** -.516** -.399** -.516** -.535** -.601**
(Log of) Work area satisfaction -.052 -.111** -.067* -.047 -.037 -.005 .225** .256** -.109** -.241** .249** .483** .728** .476** .497** .722** .594** .409** .468** .545** .553** -.548**
Overall environmental satisfaction -.075** -.145** -.026 -.038 -.016 -.004 .175** .193** -.072* -.255** .205** .470** .663** .537** .519** .826** .600** .432** .512** .564** .582** -.616** .705**
Job satisfaction .026 -.037 -.027 -.034 -.008 -.034 .338** .451** -.081** -.145** .187** .294** .471** .341** .347** .482** .440** .242** .373** .435** .409** -.339** .566** .488**
(Log of) health symptoms .007 -.001 .183** .082** .127** -.124** .257** .223** -.176** -.021 .157** .209** .237** .230** .257** .284** .204** .150** .292** .342** .287** -.213** .306** .245** .363**
Dedication .110** .001 .055 .052 .164** -.144** .405** .653** .059* -.076** .169** .157** .280** .246** .236** .268** .267** .149** .267** .259** .245** -.218** .337** .279** .634** .325**
Vigour .000 -.070* .003 -.031 .033 -.050 .287** .250** -.417** -.031 .146** .238** .237** .210** .190** .257** .219** .115** .271** .339** .299** -.209** .319** .241** .525** .536** .492**
Self-assessed job performance .112** .057* -.034 .027 .037 -.052 .217** .390** .019 -.023 .078** .049 .143** .045 .082** .121** .092** .037 .082** .153** .119** -.069* .167** .146** .335** .168** .428** -.249**
(Log of) Self-assessed job 
performance based on Feedbacks
.004 -.039 -.081** .001 .035 -.014 .250** .240** -.121** -.017 .088** .077** .116** .070* .063* .114** .128** .021 .095** .139** .109** -.067* .160** .096** .231** .140** .290** -.260** .471**
(Log of) Situational job 
performance
.150** .068* -.017 .015 .016 -.064* .307** .414** -.044 -.076** .082** .119** .178** .155** .179** .176** .160** .156** .162** .220** .213** -.102** .232** .192** .405** .290** .461** -.373** .536** .364**
* p < .05, ** p < .01; listwise n = 1197
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Table 113. Correlat ion matrix for level 2 variables 
 
B
u
il
d
in
g
 a
g
e
 
D
u
ra
ti
o
n
 s
in
ce
 l
a
st
 
re
fu
rb
is
h
m
en
t 
N
u
m
b
e
r 
of
 w
o
rk
sp
a
ce
s 
in
 
b
u
ild
in
g
 
P
re
d
o
m
in
a
nt
 o
ff
ic
e
 t
yp
e 
S
p
a
ti
a
l 
d
e
ns
it
y 
I:
 m
2 
w
o
rk
sp
a
ce
 p
e
r 
w
o
rk
p
la
ce
 
p
e
r 
p
e
rs
o
n 
S
p
a
ti
a
l 
d
e
ns
it
y 
II
: 
m
2 
to
ta
l 
a
va
il
a
b
le
 s
pa
ce
 p
e
r 
p
e
rs
o
n
 
S
p
a
ti
a
l 
d
e
ns
it
y 
II
I:
 r
a
ti
o 
o
f 
sh
a
re
d
 s
p
ac
e
 t
o 
w
o
rk
sp
a
ce
 
a
re
a
 p
er
 p
e
rs
o
n
 
V
e
n
ti
la
ti
o
n 
Durat ion s ince last  
re furb ishment  
.046        
Number  of  workspaces 
in  bu i ld ing 
- .228 - .116       
Predominant  of f ice type - .353* - .139 .516* *      
Spat ia l  dens i ty I :  m2 
workspace per  
workp lace per  person 
- .157 .292 - .369* - .286     
Spat ia l  dens i ty I I :  m2 
to ta l  ava i lable  space 
per  person 
- .301 .072 - .165 - .171 .743 * *     
Spat ia l  dens i ty I I I :  ra t io 
o f  shared space to 
workspace area per  
person 
- .244 - .184 .111 .060 .037 .681* *    
Vent i la t ion - .247 - .272 .114 .201 - .042 .237 .340 *  
Openable windows .258 .073 .048 - .163 - .146 - .237 - .168 - .375 *
*  p  < .05,  **  p  < .01;  l is twise n = 38 
 
F igure 51 g ives an overv iew over  ra t ios  between d i f ferent  space categor ies in the 
bu i ld ings analysed.  The heterogenei ty o f  the of f ices is  v is ib le  in  the bandwidth o f  
ava i lab le  spaces per  workstat ion (F igure 51) .  F igure 52 shows the ra t io o f  workspace 
to  shared spaces per  workstat ion in  re la t ion to o f f ice type.  This  f igure shows that  
ra t ios  o f  space are not  determined by of f ice type.  Rather ,  d i f ferent  o f f ice types are 
rea l ised wi th  d i f ferent  spat ia l  conf igurat ions.  The corre la t ion between workspace and 
shared space is  moderate ( r  =  .44,  p<.01)  ind icat ing that  there is  no s t rong l inear  
re la t ionship between the s izes of  ind iv idual  and shared of f ice spaces.  
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Note:  data on c i rcu la t ion and shared spaces are miss ing for  bu i ld ing 30;  the 
hor izonta l  l ine represents  the median of  workspace s ize
Figure 51. Size of different categories of f loor spaces per building (n = 
39) 
 
 
Table  114 shows descr ip t ive s tat is t ics  for  outcome var iab les aggregated on bu i ld ing 
leve l .  The va lues show the degree to  which the outcome var iab les vary between 
bu i ld ings.  Th is  var ia t ion is  v isua l ised in  F igure 54 to F igure 60 to  show how outcome 
var iab les d i f fer  between bui ld ings.  
Table 114. Means and standard deviances of outcomes (aggregated on 
building level;  n = 39)  
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Mean .39 4.70 .47 3.84 .44 .79 3.14 2.81 
Standard deviance .08 .34 .03 .18 .03 .08 .15 .10 
Minimum .21 3.80 .37 3.48 .37 .64 2.86 2.60 
Maximum .53 5.48 .53 4.13 .51 .93 3.44 3.03 
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Note:  the hor izonta l  and ver t ica l  l ines represent  median va lues
Figure 52. Ratio of  workspace to shared spaces per workstat ion in 
relat ion to off ice type 
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Figure 53. Mean values of ( log of)  work area satisfaction on building level 
 
 
Figure 54. Mean values of job satisfaction on building level 
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Figure 55. Mean values of health symptoms on building level 
 
Figure 56. Mean values of self-assessed job performance on building 
level 
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Figure 57. Mean values of self-assessed job performance based on 
feedbacks on building level 
 
Figure 58. Mean values of  situational job performance on building level 
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Figure 59.  Mean values of dedication on building level 
 
Figure 60. Mean values of vigour on building level 
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12.2. Multilevel analyses 
As descr ibed in  chapter  11.2 the poin t  of  depar ture in  mul t i leve l  model l ing is  the 
par t i t ion ing of  var iance between leve l  1  (employees)  and leve l  2  (bu i ld ings) .  Th is  
par t i t ion ing is  descr ibed by the in t rac lass corre la t ion.  The in t rac lass corre la t ion is  a  
measure for  the s ize of  contextua l  var iab les ’  ef fects  on outcomes.  In  th is  s tudy,  
in t rac lass corre la t ions descr ibe the degree to wh ich ind iv iduals  share common 
exper iences due to  c loseness in space (and t ime)  (Kref t  & De Leeuw,  1998) .  Even 
smal l  in t rac lass corre lat ion may lead to fa lse conc lus ions in  compar isons of  groups.  
Barc ikowski  (1981)  shows that  in t rac lass corre la t ion as smal l  as 0.01 may 
substant ia l ly  in f la te  type I  er ror  (a lpha leve l 29)  probabi l i t ies ,  espec ia l ly wi th  large 
groups (see a lso Kref t  & De Leeuw,  1998) .  Hox (2010,  p.  244)  suggests  us ing .05,  
.10,  and .15 as smal l ,  medium,  and large values for  in t rac lass corre lat ions.  Table 115 
shows the in t rac lass corre la t ions and the corresponding var iance components  for  the 
outcome var iab les of  the second s tudy.  
The resu l ts  in  Table 115 ind icate that  the propor t ion of  tota l  var iab i l i ty  in  the 
outcomes that  is  at t r ibutab le  to bu i ld ing leve l  d i f fers  for  d i f ferent  outcomes.  The 
ef fect  o f  bu i ld ings is  s t rongest  for  work area sat is fact ion.  Job sat is fac t ion and se l f -
assessed per formance are af fected by a lesser  degree,  but  the in t rac lass corre lat ions 
s t i l l  represent  a smal l  to  medium s ize ef fect .  Heal th  and v igour  seem main ly to  
depend on ind iv idual  leve l  d i f ferences.  Overa l l ,  the s izes of  the int rac lass 
corre lat ions ind icate that  mul t i - leve l  model l ing is  appropr ia te .  
Table 115. Intraclass correlat ions and variance components for outcome 
variables (39 buildings, n = 1332 to 1366) 
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Intraclass 
correlat ion . 160  .062 .024 .061 .026 .045 .014 .052 
Variance 
Components         
Between 
bui ld ings 15 .95% 6 .19% 2 .41% 6 .13% 2 .59% 4 .47% 1 .42% 5 .22% 
Wi th in 
bu i ld ings 84 .05% 93 .81% 97 .59% 93 .87% 97 .41% 95 .53% 98 .58% 94 .78% 
 
 
Mul t i leve l  analyses were carr ied out  us ing the MIXED procedure in  IBM SPSS 
Stat is t ics  19.  Pred ic tors  were cent red at  the grand mean in order  to increase s tab i l i ty  
and in terpretab i l i ty  o f  the models  (Kref t  & De Leeuw,  1998) .  Grand mean cent r ing 
(subt ract ing the overa l l  mean f rom a l l  va lues of  a  var iab le)  renders the in tercept  in a  
regress ion equat ion in terpretab le as the expected va lue of  the outcome var iab le,  
when a l l  pred ic tor  var iab les have the i r  mean va lue (Hox,  2010) .  D i f ferent  mul t i leve l  
                                                          
29 Type  I  e r ro r  re fe r  to  fa l se  pos i t i ves ,  i . e .  re jec t ions  o f  t rue  nu l l  hypo theses  by  a  s ta t i s t i ca l  
t es t  and dec ide  in  favour  o f  a  d i f f e rence  where  the re  i s  none .  
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models  are compared us ing the log- l ike l ihood,  a  dev iance s tat is t ic .  This  measure is  
based on summing the probabi l i t ies  o f  the pred ic ted and the actua l  outcomes 
(Tabachnick & F ide l l ,  2007)  and is  an ind icator  o f  how much unexpla ined in format ion 
remains af ter  the model  has been f i t ted.  Large va lues of  the log- l ike l ihood therefore 
ind icate more unexpla ined in format ion and th is  impl ies a poor  f i t  of  the s tat is t ica l  
model .  The log- l ike l ihood a l lows for  compar isons between models  by us ing the i r  
dev iances i f  two models  are nested,  i .e.  one of  the models  is  der ived f rom the other  
(more genera l )  model .  For  nested models ,  the d i f ferences of  the dev iances have a 
ch i -square d is t r ibut ion wi th  degrees of  f reedom equiva lent  to the d i f ference in 
number  of  parameters  est imated in the two models .  
 
Mul t i leve l  model l ing was conducted in  a ser ies  of  s teps:  
Model  0  on ly conta ins the in tercept  that  var ies among groups ( i .e.  bu i ld ings)  and no 
explanatory var iab les ( in tercept -on ly-model ;  Hox,  2010) .  I t  descr ibes the var iance 
explanat ion caused by membersh ip to groups.  I t  a lso serves as a benchmark va lue of  
the dev iance ( i .e .  the degree of  mis f i t  of  the model ) .  The in tercept -on ly model  is  
based on the fo l lowing two equat ions ( fo l lowing the notat ion proposed by Hox,  2010) :  
 
Level  1 :  Y i j  =  β0 j  +  e i j          (1 )  
 
Level  2 :  β0 j  =  γ 0 0  +  u0 j         (2)  
 
Subst i tu t ing equat ion 2 in  equat ion 1 leads to:   
 
Y i j  =  γ0 0  +  u0 j  +  e i j          (3)  
 
wi th  β 0 j  represent ing the in tercept  (constant  in the regress ion)  that  descr ibes the 
expected value of  the dependent  var iab le  when the pred ic tor  has the value of  0  and 
e i j  the res idual ,  descr ib ing the dev iance of  the observed va lues f rom the theoret ical  
va lues.  γ0 0  (constant )  and u0 j  ( res idual )  are the corresponding e lements on leve l  2.  
 
Model  1  addi t iona l ly conta ins cont rol  var iab les as leve l  1  pred ic tors :  
 
Y i j  =  γ0 0  +  γ1 0 X1 i j  +  γ2 0 X2 i j  +  γ3 0 X3 i j  +  u0 j  +  e i j      (4)  
 
wi th  X1 i j  represent ing gender ,  X2 i j  age,  and X3 i j  tenure whi le  γ1 0 ,  γ2 0 ,  and γ3 0  represent  
the corresponding regress ion weights .  
Model  2  inc ludes of f ice env i ronment  character is t ics  and model  3  conta ins perce ived 
job character is t ics .  The equat ions for  these models  are extens ions of  equat ion 4.  
 
Models  4 and h igher  addi t iona l ly inc lude bu i ld ing leve l  var iab les.  In these models ,  
leve l  2  var iab les are cons idered:   
 
Y i j  =  γ0 0  +  γp 0 Xp i j  +  γ0 qZq j  +  u0 j  +  e i j        (5)  
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where the Zq j  are the q exp lanatory var iab les at  group leve l  that  usual ly  are added to  
the models  one by one in  order  to examine changes in  dev iance (Hox,  2010) .  
The sequence of  the models  tested is  as fo l lows:  
  Model  4 :  of f ice type 
  Model  5 :  spat ia l  dens i ty  1  (workspace area per  person)  
  Model  6 :  spat ia l  dens i ty  2  ( tota l  of f ice space per  person inc lud ing workspace 
area,  c i rcu la t ion area,  meet ing area,  and communicat ion area)  
  Model  7 :  spat ia l  dens i ty  3  ( rat io  of  workspace area to shared spaces per  
person)  
  Model  8 :  vent i la t ion type (natura l  vs .  mechanica l )  
  Model  9 :  bu i ld ing age 
  Model  10:  t ime s ince last  indoor  re furb ishment  
  Model  11:  Windows (openable vs.  not  openable)  
  Model  12:  Bui ld ing s ize (number  of  workspaces)  
 
The resu l ts  o f  the mul t i leve l  analyses are descr ibed in  the fo l lowing sect ions,  
s t ructured by outcome (work area sat is fact ion,  job sat is fac t ion,  heal th ,  ind iv idual  
work per formance) .  The f i rs t  s tep in  the analyses cons is ts  in  a  basel ine model :  Model  
0  is  used to est imate the amount  of  var iat ion in the dependent  var iab le.  I t  is  based 
on the assumpt ion that  bu i ld ings d i f fer  in  the in i t ia l  va lue ( in tercept ) .  Therefore th is  
parameter  is  the on ly random component  in  th is  model  ( “ in tercept -on ly model ” ) .  
Regress ion coef f ic ients  in  the mul t i leve l  models  vary around an overa l l  so lu t ion for  
the sample ( “ f ixed ef fects” )  and are t reated as random var iab les at  leve l  2 ,  i .e .  they 
are cons idered as randomly ( “ random ef fects” )  or ig inat ing f rom a d is t r ibut ion of  a l l  
poss ib le  coef f ic ients  and are comparable to er ror  terms in ord inary least  squares 
regress ion.  
The var iance between bui ld ings is  descr ibed wi th  the term σῆΏῼ  and σἒῼ descr ibes the 
var iance wi th in  bu i ld ings.  As there are no exp lanatory var iab les in  model  0  (except  
the constant  in tercept  term),  these var iances can be interpreted as er ror  var iances 
(Hox,  2010) .  
 
Model  1  adds cont ro l  var iab les as leve l  1  pred ic tors ,  model  2  inc ludes perce ived 
of f ice env ironment  character is t ics  and model  3 conta ins perce ived job 
character is t ics .  The var iab les entered in to model  2  are determined on the bas is  of  
theoret ica l  cons iderat ions and pr ior  ev idence.  From model  4 to model  12 bu i ld ing 
leve l  var iab les are examined one by one in  order  to examine changes in  dev iance.  
Changes in  dev iance for  these models  are therefore compared to the dev iance score 
of  model  3 whereas in  models  1-3 dev iance is  compared to the prev ious model  
because i t  is  assumed that  the addi t ional  var iab les add informat ion.  Chi -square tests  
are used for  compar isons of  the dev iances ( log- l ike l ihood score)  o f  nested models  
(see above) .  
 
Var iance expla ined by MLM models  is  expressed as the d i f ference in the res idual  
er ror  var iance between a model  conta in ing predic tors  and the in tercept -on ly model .  
Th is  d i f ference is  expressed as a propor t ion of  the total  er ror  var iance separate ly,  
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leve l  by leve l .  The propor t ion of  var iance expla ined at  the f i rs t  leve l  can be descr ibed 
by the fo l lowing formula (Hox,  2010,  p.71 based on Raudenbush & Bryk,  2002) :  
 
RῺῼ ൌ 	 ൬ΰ౛¦ౘ
మ ି	ΰ౛¦ౣమ
ΰ౛¦ౘమ  ,           (6)  
 
where σἒ¦ᾷῼ  is  the lowest - leve l  res idual  var iance for  the basel ine model  ( i .e .  the 
in tercept -only model )  and σἒ¦ἢῼ  is  the lowest - leve l  res idual  var iance for  the 
compar ison model .  Var iance expla ined at  the second leve l  is  descr ibed by the 
fo l lowing formula (Hox,  2010,  p.71 based on Raudenbush & Bryk,  2002) :  
 
Rῼῼ ൌ 	 ൬ΰ౫బ¦ౘ
మ ି	ΰ౫బ¦ౣమ
ΰ౫బ¦ౘమ
 ,           (7)  
 
where σῆΏ¦ᾷῼ  is  the second- leve l  res idual  var iance for  the basel ine model  ( i .e.  the 
in tercept -only model )  and σῆΏ¦ἢῼ 	i s  the lowest - leve l  res idual  var iance for  the 
compar ison model .  
 
In  the fo l lowing chapters  the analyses fo r  each of  the outcome categor ies are 
presented.  
12.2.1. Work area satisfaction 
Mul t i leve l  analyses for  work area sat is fac t ion are presented in  Table 116 to Table 
118.  In  model  2  var iab les descr ib ing the perce ived of f ice env i ronment  are in t roduced 
in to  the analys is .  The bases for  var iab le  se lect ion are theoret ica l  cons iderat ions and 
the l i te rature rev iewed in  chapter  6.  The var iab les se lected are the same as in s tudy 
1 (chapter  10.4.2) .  Workplace appropr ia teness was exc luded f rom the analyses 
because i t  cor re la tes very h igh ly ( r  =  .73)  wi th  work area sat is fact ion.  
A l l  var iab les were coded so that  h igh va lues correspond to  pos i t ive or  des i rab le  
exper iences,  e.g .  h igh va lues in  of f ice no ise represent  a  pos i t ive assessment  o f  the 
env i ronment .  
The analyses show that  the int roduct ion of  the perce ived of f ice env i ronment  var iab les 
in  model  2 substant ia l ly  reduces res iduals  both,  a t  leve l  1 and leve l  2.  The var iab les 
re la ted to the perce ived of f ice env ironment  account  for  64 per  cent  of  var iance 
explanat ion in  work area sat is fact ion.  Var iance reduct ion at  leve l  2  is  even h igher  
and in  models  3 to 12 var iance at  leve l  2  is  not  s ign i f icant ly d i f ferent  f rom zero.  
Between-bui ld ing var iance is  fu l ly  exp la ined by leve l  1  var iab les.  Of f ice type,  dens i ty,  
bu i ld ing age and bu i ld ing character is t ics  do not  exp la in  var iance in  work area 
sat is fact ion.  However ,  in  models  6 ,  7 ,  and 12 the dev iance s tat is t ic  is  s ign i f icant ly 
lower .  Th is  ind icates a bet ter  model  f i t  fo r  the models  that  inc lude tota l  o f f ice space 
per  person (model  6) ,  rat io  of  workspace area to  shared spaces per  person (model  
7) ,  and bu i ld ing s ize (model  12) .  The γ -weights  assoc ia ted wi th  the leve l  2  var iab les 
in  these models ,  however ,  are  very smal l  in s ize and not  s ta t is t ica l ly s ign i f icant .  The 
genera l  suggest ion is  to re ly on reduct ion in the dev iance s tat is t ic  rather  than on 
s ign i f icance test ing of  coef f ic ients  (Berkhof  & Sni jders ,  2001;  Hox,  2010) ,  i .e.  to use 
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the mul t iparameter  tes t  ra ther  than the s ing le-parameter  approach for  test ing whether  
the var iance of  a  random coef f ic ient  is  pos i t ive.  The resu l ts  for  models  6 ,  7,  and 12 
are therefore ind icat ing a poss ib le cont r ibut ion of  the bu i ld ing- leve l  pred ic tors  
inc luded in  these models .  
 
In  model  3 job character is t ics  are entered in the model .  Var ie ty appears as a 
s ign i f icant  pred ic tor .  Whi le  th is  leads to  a s ign i f icant  reduct ion in  the dev iance 
s tat is t ic ,  i t  does not  increase var iance expla ined at  leve l  1 .  The analyses show that  – 
ordered accord ing to γ -we ights  -  workspace qual i t y,  work and s torage spaces,  
pr ivacy,  d is t ract ion,  cont ro l ,  indoor  c l imate,  and l ight ing are s ign i f icant  pred ic tors  of  
o f f ice sat is fact ion.  There is  a lso an ef fect  o f  gender ,  ind icat ing that  men are 
genera l ly more sat is f ied wi th  the of f ice env ironment  than women.  
 
Table 116. Mult i level models for effects of  off ice and job characterist ics 
on work area satisfaction 
 Model  
0  
 Model  1   Model  2   Model  3   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  3 .77** *  .06 3 .90** * .12 3 .89** * .07  3 .91** * .07
Fixed  e f fec ts    
Gender   .04 .05 .07* .03  .07* .03
Age  - .003 .003 - .003 .002 - .004* .002
Tenure   - .002 .004 .002 .002 .002 .002
Pr i vacy   .11** * .03  .11** * .03
Of f i ce  no ise   - .01 .02  - .01 .02
Con t ro l   . 11** * .03  .10** * .03
Indoor  c l ima te   .08** * .02  .08** * .02
L igh t ing   .05** .02  .05** .02
Soc ia l  dens i ty   . 01 .03  .01 .03
Workspace  
qua l i t y  
 . 44** * .02  .44** * .02
Work  and  
s to rage  
spaces  
 .31** * .08  .30** * .08
D is t rac t i on   .11** * .02  .11** * .02
Scope  o f  
ac t i on  
  - .002 .02
Var ie ty    . 06* .02
Over load   . 02 .02
Random 
ef fec ts  
  
σἒῼ . 676** *  .027 .663** * .027 .244** * .010 .243** * .010
σῆΏῼ  . 139** *  .038 .120** * .034 .006 .004 .006 .003
-2  Log  
L i ke l i hood 
3353 .2   3096 .7* * *   1747 .8* * *   1727 .7* * *   
RῺῼ   . 02   .64   .64   
Rῼῼ   . 14       
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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Table 117. Mult i level models for effects of  off ice and job characterist ics 
on work area satisfaction (continued from Table 116) 
 Model  
4  
 Model  5   Model  6   Model  7   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  3 .86** *  .12 3 .86** * .11  3 .93** * .09  3 .94** * .07  
Fixed  e f fec ts      
Gender  .06*  .03 .07* .03  .07* .03  .07* .03  
Age - .004*  .002 - .004* .002 - .004* .002 - .004* .002 
Tenure  .002 .002 .002 .002 .002 .002 .002 .002 
Pr i vacy  .11** *  .03 .11** * .03  .11** * .03  .11** * .03  
Of f i ce  no ise  - .007 .018 - .007 .018 - .01 .02  - .01 .02  
Con t ro l  . 10** *  .03 .10** * .03  .10** * .03  .10** * .03  
Indoor  c l ima te  .07** *  .02 .08** * .02  .08** * .02  .08** * .02  
L igh t ing  .05**  .02 .05** .02  .05** .02  .05** .02  
Soc ia l  dens i ty  .05  .04 .02 .03  .02 .03  .02 .03  
Workspace  
qua l i t y  
.44** *  .02 .44** * .02  .44** * .02  .44** * .02  
Work  and  
s to rage  spaces  
.30** *  .08 .30** * .08  .28** .08  .28** .08  
D is t rac t i on  .11** *  .02 .11** * .02  .11** * .02  .11** * .02  
Scope  o f  ac t ion  - .002 .02 - .002 .02  - .004 .02  - .003 .02  
Var ie ty  .06*  .02 .06* .02  .06* .02  .06* .02  
Over load .02  .02 .02 .02  .02 .02  .02 .02  
Of f i ce  t ype  1  
.12 .11 
   
O f f i ce  t ype  2  
.01 .11 
   
O f f i ce  t ype  3  
.02 .11 
   
O f f i ce  t ype  4  
-.06 .13 
   
Spa t ia l  dens i t y  
1  
 .005 .009   
Spa t ia l  dens i t y  
2  
  - .001 .004  
Spa t ia l  dens i t y  
3  
   - . 04 .06  
Ven t i l a t i on      
Bu i l d ing  age     
T ime s ince  l as t  
i ndoor  
re fu rb ishment  
    
Random 
ef fec ts  
    
σἒῼ . 242** *  .010 .243** * .010 .240** * .010 .241** * .010 
σῆΏῼ  . 005  .003 .006 .003 .004 .01  .004 .003 
-2  Log  
L i ke l i hood 
1722 .1   1727 .4   1694 .2* * *   1693 .7* * *   
RῺῼ . 64   .64   .64   .64   
Rῼῼ         
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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Table 118. Mult i level models for effects of  off ice and job characterist ics 
on work area satisfaction (continued from Table 117) 
 Model  
8  
 Model  
9  
 Model  
10  
 Model  
11  
 Model  
12  
 
 γ  SE γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  3 .88**
*  
.08  3 .89**
*  
.07 3 .89**
*
.07  3 .94**
*  
.08  3 .90** * .07
Fixed  
e f fec ts  
      
Gender  .07*  .03  .07*  .03 .07* .03  .07*  .03  .08* .03
Age - .004*  .00
2  
- .004*  .00
2
- .004* .00
2  
- .004*  .00
2  
- .004* .002
Tenure  .002 .00
2  
.002 .00
2
.002 .00
2  
.002 .00
2  
.001 .002
Pr i vacy  .11** *  .03  .11** *  .03 .11** * .03  .11** *  .03  .11** * .03
Of f i ce  no ise  - .01  .02  - .01  .02 - .01 .02  - .01  .02  - .01 .02
Con t ro l  . 10** *  .03  .10** *  .03 .10** * .03  .10** *  .03  .10** * .03
Indoor  
c l ima te  
.08** *  .02  .08** *  .02 .08** * .02  .08** *  .02  .07** * .02
L igh t ing  .05**  .02  .05**  .02 .05** .02  .05**  .02  .05** .02
Soc ia l  
dens i t y  
.02  .03  .02  .03 .02 .03  .01  .03  .02 .03
Workspace  
qua l i t y  
.44** *  .02  .44** *  .02 .44** * .02  .44** *  .02  .45** * .02
Work  and  
s to rage  
spaces  
.30**  .08  .30**  .08 .30** .08  .30**  .08  .27** .08
D is t rac t i on  .11** *  .02  .11** *  .02 .11** * .02  .11** *  .02  .10** * .02
Scope  o f  
ac t i on  
- .002 .02  - .002 .02 - .002 .02  - .002 .02  - .007 .02
Var ie ty  .06*  .02  .06*  .02 .06* .02  .06*  .02  .06* .02
Over load .02  .02  .02  .02 .02 .02  .02  .02  .02 .02
Of f i ce  t ype  1        
O f f i ce  t ype  2        
O f f i ce  t ype  3        
O f f i ce  t ype  4        
Spa t ia l  
dens i t y  1  
      
Spa t ia l  
dens i t y  2  
      
Spa t ia l  
dens i t y  3  
      
Ven t i l a t i on  .03  .05      
Bu i l d ing  age   . 001  .00
1
   
T ime s ince  
las t  i ndoor  
re fu rb ishme
nt  
   - . 005 .00
5  
  
W indows      - . 026  .05  
Bu i ld ing  s i ze        < .001 < .00
1
Random 
ef fec ts  
      
σἒῼ . 243**
*  
.01
0  
.242**
*  
.01
0
.243**
*
.01
0  
.243**
*  
.01
0  
.241** * .010
σῆΏῼ  . 005  .00
3  
.005 .00
3
.005 .00
3  
.005 .00
3  
.003 .003
-2  Log  
L i ke l i hood 
1727 .
2  
 1726 .
7  
 1726 .
7  
 1727 .
4  
 1643 .9* *
*  
 
RῺῼ . 64   .64   .64   .64   .64   
Rῼῼ           
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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12.2.2. Job satisfaction 
On the bas is  of  the l i tera ture rev iew and the resu l ts  f rom the f i rs t  s tudy,  pr ivacy,  
o f f ice no ise,  workp lace appropr ia teness,  cont ro l ,  soc ia l  dens i ty,  and d is t ract ion were 
entered in model  2 .  The job character is t ics  (scope of  act ion,  var ie ty,  and over load)  
are added in  model  3 (Table 119) .   
The analyses are presented in Table 119 to  Table 121.  The in t roduct ion of  var iables 
re la ted to percept ions of  the of f ice env i ronment  s ign i f icant ly reduces the dev iance 
s tat is t ic  and res iduals  at  leve l  1 and leve l  2.  Var iance expla ined in  job sat is fact ion is  
28 and 40 per  cent ,  respect ive ly.  The fo l lowing var iab les f rom per ta in ing to the 
perce ived of f ice env i ronment  appear  as s ign i f icant  pred ic tors :  workp lace 
appropr ia teness,  soc ia l  dens i ty,  cont ro l ,  and d is t ract ion.  A l l  o f  these var iab les are 
pos i t ive ly assoc iated wi th  job sat is fact ion,  notab ly h igher  soc ia l  dens i ty is  assoc iated 
wi th  h igher  job sat is fac t ion.  Job character is t ics  fur ther  cont r ibute to increased model  
f i t .  Wi th th is  c lass of  var iab les,  var iety has a very s t rong in f luence (as can be seen 
f rom the γ -va lue around .50) .  Addi t iona l ly,  over load at  work a lso cont r ibutes to job 
sat is fact ion.  Th is  var iable  is  coded in  a  way where h igh va lues s ign i fy low over load.  
Thus,  h igh over load at  work reduces job sat is fac t ion.  
Table 119. Mult i level models for effects of  off ice and job characterist ics 
on job satisfaction  
 Model  
0  
 Model  1   Model  2   Model  3   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  4 .71** *  0 .05 4 .52** * .15  4 .46** * .12  4 .63** * .11  
Fixed  e f fec ts      
Gender   .04 .07  .06 .06  .08 .05  
Age  .01 .004 .006* .003 .002 .003 
Tenure   - .01 .005 - .003 .004 - .002 .004 
Pr i vacy    . 05 .06  .04 .05  
Of f i ce  no ise    . 05 .03  .04 .03  
Con t ro l    . 19** * .05  .11* .04  
Indoor  c l ima te    . 07* .03  .05* .03  
L igh t ing    . 05 .03  .03 .03  
Soc ia l  dens i ty    . 11 .06  .11 .06  
Workspace  
qua l i t y  
  . 29** * .04  .27** * .04  
Work  and  
s to rage  spaces  
  - .02 .15  - .12 .13  
Workp lace  
appropr ia teness  
  . 02 .05  .03 .05  
D is t rac t i on    . 15** * .03  .12** * .03  
Scope  o f  ac t ion     . 06 .04  
Var ie ty     . 47** * .04  
Over load    . 14** * .03  
Random ef fec ts      
σἒῼ 1 .15**  0 .05 1 .13** * 0 .05  0 .78** * 0 .03  0 .65** * 0 .03  
σῆΏῼ  0 .08** *  0 .03 0 .06** 0 .02  0 .03* 0 .01  0 .02 0 .01  
-2  Log  
L i ke l i hood 
4018 .4   3738 .2* * *   3150 .1* * *   2919 .6* * *   
RῺῼ   . 02   .32   .43   
Rῼῼ   . 21   .61     
*p< .05 ;  * *p< .01 ;  * * *p< .001 
 
 
S imi lar ly to  the resu l ts  for  work  area sat is fac t ion,  bu i ld ing leve l  var iance is  fu l ly  
exp la ined by leve l  1  var iab les and the of f ice type,  dens i ty,  bu i ld ing age and bu i ld ing 
character is t ics  do not  exp la in  var iance in  job sat is fact ion.  However ,  a lso for  job 
sat is fact ion in  models  6 ,  7 ,  and 12 the deviance s ta t is t ic  is  s ign i f icant ly  lower ,  
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ind icat ing a bet ter  model  f i t  for  the models  that  inc lude tota l  o f f ice space per  person 
(model  6) ,  ra t io  of  workspace area to  shared spaces per  person (model  7) ,  and 
bu i ld ing s ize (model  12) .  However ,  the γ -weights  assoc ia ted wi th  the leve l  2  
var iab les in these models  are very smal l  in  s ize and not  s ta t is t ica l ly s ign i f icant .  
 
Table 120. Mult i level models for effects of  off ice and job characterist ics 
on job satisfaction (continued from Table 119) 
 Model  
4  
 Model  
5  
 Model  6   Model  7   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  4 .36** *  .20 4 .70** * .19 4 .62** * .15  4 .61** * .12
Fixed  e f fec ts    
Gender  .08  .05 .08 .05 .09 .05  .09 .05
Age .002 .003 .002 .003 .002 .003 .002 .003
Tenure  - .001 .004 - .002 .004 - .002 .004 - .002 .004
Pr i vacy  .04  .05 .04 .05 .03 .05  .03 .05
Of f i ce  no ise  .04  .03 .04 .03 .04 .03  .04 .03
Con t ro l  .11*  .04 .11* .04 .10* .05  .10* .05
Indoor  c l ima te  .05*  .03 .05* .03 .04 .03  .04 .03
L igh t ing  .03  .03 .03 .03 .04 .03  .04 .03
Soc ia l  dens i ty  .12  .07 .10 .06 .10 .06  .10 .06
Workspace  qua l i t y  .27** *  .04 .27** * .04 .28** * .04  .28** * .04
Work  and  s to rage  
spaces  
- .11  .13 - .12 .13 - .13 .13  - .13 .13
Workp lace  
appropr ia teness  
.03  .05 .04 .05 .04 .05  .04 .05
D is t rac t i on  .12** *  .03 .12** * .03 .12** * .03  .12** * .03
Scope  o f  ac t ion  .06  .04 .06 .04 .06 .04  .06 .04
Var ie ty  .47** *  .04 .47** * .04 .48** * .04  .48** * .04
Over load .14** *  .03 .14** * .03 .15** * .03  .15** * .03
Of f i ce  t ype  1  .30  .18  
Of f i ce  t ype  2  .25  .18  
Of f i ce  t ype  3  .27  .18  
Of f i ce  t ype  4  .22  .22  
Spa t ia l  dens i t y  1   - .007 .015  
Spa t ia l  dens i t y  2   < .001 .006 
Spa t ia l  dens i t y  3    . 04 .10
Ven t i l a t i on    
Bu i l d ing  age   
T ime s ince  l as t  
i ndoor  
re fu rb ishment  
  
W indows    
Bu i l d ing  s ize    
Random ef fec ts    
σἒῼ 0 .65** *  0 .03 0 .65** * 0 .03 0 .65** * 0 .03  0 .65** * 0 .03
σῆΏῼ  0 .012 0 .009 0 .014 0 .009 0 .017 0 .010 0 .017 0 .010
-2  Log  L ike l i hood 2916 .7   2919 .4   2873 .7* * *   2873 .6* * *   
RῺῼ . 40   .40   .40   .40   
Rῼῼ         
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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Table 121. Mult i level models for effects of  off ice and job characterist ics 
on job satisfaction (continued from Table 120)  
 Model  
8  
 Model  
9  
 Model  
10  
 Model  
11  
 Model  
12  
 
 γ  SE γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  4 .62**
*  
.11 4 .55**
*
.12 4 .67**
*
.12 4 .69**
*  
.14  4 .62** * .12  
Fixed  e f fec ts      
Gender  .08  .05 .09 .05 .08 .05 .08  .05  .09 .05  
Age .001 .00
3
.002 .003 .002 .00
3
.001 .00
3  
.002 .003 
Tenure  - .002 .00
4
- .001 .004 - .002 .00
4
- .001 .00
4  
- .002 .004 
Pr i vacy  .04  .05 .04 .05 .04 .05 .04  .05  .03 .05  
Of f i ce  no ise  .04  .03 .04 .03 .05 .03 .04  .03  .06 .03  
Con t ro l  . 11*  .04 .11* .04 .11* .04 .11*  .04  .11* .05  
Indoor  c l ima te  .05*  .03 .05* .03 .05* .03 .05*  .03  .05 .03  
L igh t ing  .03  .03 .03 .03 .03 .03 .03  .03  .03 .03  
Soc ia l  dens i ty  .10  .06 .13* .06 .10 .06 .10  .06  .09 .06  
Workspace  
qua l i t y  
.27** *  .04 .27** * .04 .27** * .04 .27** *  .04  .27** * .04  
Work  and  
s to rage  
spaces  
- .11  .14 - .12 .13 - .12 .13 - .12  .13  - .12 .14  
Workp lace  
appropr ia tene
ss  
.03  .05 .04 .05 .04 .05 .03  .05  .04 .05  
D is t rac t i on  .12** *  .03 .12** * .03 .12** * .03 .12** *  .03  .12** * .03  
Scope  o f  
ac t i on  
.06  .04 .06 .04 .06 .04 .06  .04  .06 .04  
Var ie ty  .47** *  .04 .47** * .04 .47** * .04 .47** *  .04  .48** * .04  
Over load .14** *  .03 .14** * .03 .14** * .03 .14** *  .03  .15** * .04  
Of f i ce  t ype  1      
O f f i ce  t ype  2      
O f f i ce  t ype  3      
O f f i ce  t ype  4      
Spa t ia l  
dens i t y  1  
    
Spa t ia l  
dens i t y  2  
    
Spa t ia l  
dens i t y  3  
    
Ven t i l a t i on  .07  .08    
Bu i l d ing  age  .002 .001    
T ime s ince  
las t  i ndoor  
re fu rb ishment  
 - .011 .00
9
   
W indows   - .06  .08   
Bu i l d ing  s i ze     < .001 < .00
1  
Random 
ef fec ts  
    
σἒῼ 0 .65**
*  
0 .0
3
0 .65**
*
0 .03 0 .65**
*
0 .0
3
0 .65**
*  
0 .0
3  
0 .65** * 0 .03  
σῆΏῼ  0 .016 0 .0
1
0 .012 0 .00
9
0 .015 0 .0
1
0 .016 0 .0
1  
0 .017 0 .01
1  
-2  Log  
L i ke l i hood 
2918 .
9  
 2916 .
0  
 2918 .
0  
 2919 .
1  
 2794 .4*
* *  
 
RῺῼ . 40   .40   .40   .40   .40   
Rῼῼ           
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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12.2.3. Health 
Prev ious research has shown that  both,  envi ronmenta l  and soc io-spat ia l  fac tors  of  
o f f ice env ironments  may af fect  occupants ’  heal th .  The fo l lowing of f ice env i ronment  
var iab les were entered in  the mul t i leve l  models  for  heal th :  no ise,  indoor  c l imate,  
l ight ing,  cont ro l ,  pr ivacy,  workspace qual i ty,  workp lace appropr ia teness,  d is t ract ion,  
and soc ia l  dens i ty.  The resu l ts  of  the analyses are presented in  Table 122 to Table 
124.  The int roduct ion of  cont ro l  var iab les in model  1  shows a h igh ly s ign i f icant  ef fect  
o f  gender  that  accounts  for  3  per  cent  of  leve l  1 var iance.  This  gender  e f fect  
ind icates that  women repor t  more heal th- re lated compla ints  than men,  i .e.  women’s  
heal th  s tatus scores are lower .  The ef fect  remains s ta t is t ical l y s ign i f icant  af ter  the 
inc lus ion of  o f f ice env i ronment  and job character is t ics  var iab les (models  2 and 3)  and 
therefore seems to be independent  of  of f ice  and job des ign.  S ign i f icant  pred ic tors  
re la ted to the of f ice env ironment  are soc ia l  dens i ty,  d is t ract ion,  workspace qual i ty,  
o f f ice no ise,  and indoor  c l imate.   
Table 122. Mult i level models for effects of  off ice and job characterist ics 
on health (continued in Table 123) 
 Model  
0  
 Model  1   Model  2   Model  3   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  4 .19** *  .02  4 .37** * .08 4 .34** * .07  4 .42** * .07
Fixed  e f fec ts     
Gender    - .21* * * .04 - .20* * * .03  - .21* * * .03
Age   - .002 .002 - .002 .002 - .004 .002
Tenure    - .002 .003 < .001 .002 .002 .002
Pr i vacy    . 06 .03  .05 .03
Of f i ce  no ise    . 05* .02  .04* .02
Cont ro l    . 001 .03  - .04 .03
Indoor  c l ima te    . 04* .02  .04* .02
L igh t ing    . 02 .02  .02 .02
Soc ia l  dens i ty    . 12** .04  .11** .03
Workspace  
qua l i t y  
  . 06* .02  .05* .02
Workp lace  
appropr ia teness  
  - .08* .03  - .06* .03
Work  and  
s to rage  spaces  
  . 25** .09  .16 .09
D is t rac t i on    . 12** * .02  .10** * .02
Scope  o f  ac t ion     . 11** * .02
Var ie ty     . 10** * .02
Over load    . 13** * .02
Random ef fec ts     
σἒῼ . 38** *  .015  .37** * .015 .30** * .01  .28** * .01
σῆΏῼ  . 01*  .005 .005 .004 .004 .004 .003 .004
-2  Log  
L i ke l i hood 
2479 .7   2319 .0* * *   1984 .1* * *   1880 .1* * *   
RῺῼ   . 03   .21   .26   
Rῼῼ         
*p< .05 ;  * *p< .01 ;  * * *p< .001 
 
 
A l l  three job character is t ics  appear  as s ign i f icant  pred ic tors  of  hea l th  s tatus (model  
3) .  Level  1 var iance explanat ion by cont ro l  var iab les,  of f ice env i ronment ,  and job 
character is t ics  is  26 per  cent .  Inc lud ing leve l  2 var iab les does not  reduce the 
dev iance s ta t is t ic  or  exp la in  addi t ional  var iance in  res iduals .  As wi th  work area 
sat is fact ion and job sat is fact ion mul t i leve l  analyses,  the dev iance s ta t is t ic  is  
s ign i f icant ly  lower  in  models  6 ,  7,  and 12 as compared to  model  3 .  Fur thermore,  
model  9  a lso has a s igni f icant ly lower  dev iance s tat is t ic  than model  3.  Th is  ind icates 
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that  the models  inc lud ing inc lude to ta l  of f ice space per  person (model  6) ,  ra t io o f  
workspace area to shared spaces per  person (model  7) ,  bu i ld ing age (model  9) ,  and 
bu i ld ing s ize (model  12)  have a bet ter  model  f i t  than model  3 .  The assoc ia ted level  2  
γ -weights ,  however ,  are not  s ta t is t ica l ly s ign i f icant .  
 
 
Table 123. Mult i level models for effects of  off ice and job characterist ics 
on health (continued from Table 122 
 Model  4   Model  5   Model  6   Model  7   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  4 .37** *  .13 4 .52** *  .11 4 .46** * .09  4 .41** *  .08
Fixed  e f fec ts      
Gender  - .21* * *  .03 - .20* * *  .03 - .20* * * .03  - .20* * *  .03
Age - .003 .002 - .004 .002 - .003 .002 - .003 .002
Tenure  .002 .002 .001 .002 .001 .002 .001 .002
Pr i vacy  .05  .03 .05  .03 .05 .03  .05  .03
Of f i ce  no ise  .04*  .02 .04*  .02 .04* .02  .04*  .02
Con t ro l  - .04  .03 - .04  .03 - .04 .03  - .04  .03
Indoor  c l ima te  .04*  .02 .04*  .02 .04** .02  .04*  .02
L igh t ing  .02  .02 .02  .02 .01 .02  .01  .02
Soc ia l  dens i ty  .12**  .04 .10**  .04 .10** .04  .11**  .03
Workspace  
qua l i t y  
.05*  .02 .05*  .02 .05* .02  .05*  .02
Workp lace  
appropr ia teness  
- .06*  .03 - .06  .03 - .06 .03  - .07*  .03
Work  and  
s to rage  spaces  
.16  .09 .15  .09 .16 .09  .16  .09
D is t rac t i on  .10** *  .02 .10** *  .02 .11** *  .11** *  .02
Scope  o f  ac t ion  .11** *  .02 .11** *  .02 .10** * .02  .11** *  .02
Var ie ty  .10** *  .02 .10** *  .02 .10** * .02  .10** *  .02
Over load .13** *  .02 .13** *  .02 .13** * .02  .14** *  .02
Of f i ce  t ype  1  .06  .11    
O f f i ce  t ype  2  .06  .11    
O f f i ce  t ype  3  .05  .11    
O f f i ce  t ype  4  .01  .13    
Spa t ia l  dens i t y  
1  
 - .01  .009   
Spa t ia l  dens i t y  
2  
  - .003 .004  
Spa t ia l  dens i t y  
3  
   . 02  .06
Random ef fec ts      
σἒῼ . 28** *  .01 .28** *  .01 .28** * .01  .28** *  .01
σῆΏῼ  . 003  .004 .003 .003 .004 .004 .004 .004
-2  Log  
L i ke l i hood 
1879 .6   1878 .7   1857 .1* * *   1857 .7* * *   
RῺῼ . 26   .26   .26   .26   
Rῼῼ         
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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Table 124. Mult i level models for effects of  off ice and job characterist ics 
on health (continued from Table 123)  
 Mode
l  8  
 Model  9   Mode
l  10  
 Mode
l  11  
 Model  
12  
 
 γ  SE γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  4 .42**
*  
.07  4 .35** * .07 4 .46**
*
.08 4 .42**
*  
 . 09  4 .41** * .08
Fixed  e f fec ts      
Gender  -
.21** *  
.03  - .21* * * .03 -
.21** *
.03 -
.21** *  
.03  - .20* * * .03
Age - .004 .00
2  
- .003 .002 - .004* .00
2
- .004 .00
2  
- .003 .002
Tenure  .002 .00
2  
.002 .002 .001 .00
2
.002 .00
2  
.002 .002
Pr i vacy  .05  .03  .04 .03 .05 .03 .05  .03  .06 .03
Of f i ce  no ise  .04*  .02  .04* .02 .04* .02 .04*  .02  .04* .02
Con t ro l  - .04  .03  - .04 .03 - .04 .03 - .04  .03  - .04 .03
Indoor  
c l ima te  
.04*  .02  .04* .02 .04* .02 .04*  .02  .04** .02
L igh t ing  .02  .02  .02 .02 .02 .02 .02  .02  .02 .02
Soc ia l  
dens i t y  
.11**  .04  .13** * .03 .10** .03 .11**  .04  .11** .04
Workspace  
qua l i t y  
.05*  .02  .05* .02 .05* .02 .05*  .02  .05* .02
Workp lace  
appropr ia tene
ss  
- .06*  .03  - .06 .03 - .06 .03 - .06*  .03  - .07* .03
Work  and  
s to rage  
spaces  
.16  .09  .16 .09 .16 .09 .16  .09  .15 .09
D is t rac t i on  .10** *  .02  .10** * .02 .10** * .02 .10** *  .02  .10** * .02
Scope  o f  
ac t i on  
.11** *  .02  .11** * .02 .11** * .02 .11** *  .02  .10** * .02
Var ie ty  .10** *  .02  .10** * .02 .10** * .02 .10** *  .02  .10** * .02
Over load .13** *  .02  .13** * .02 .13** * .02 .13** *  .02  .13** * .02
Ven t i l a t i on  - .01  .05    
Bu i l d ing  age   . 001** < .00
1
  
T ime s ince  
las t  i ndoor  
re fu rb ishment  
  - .008 .00
5
  
Windows    . 004  .04
9  
Bu i ld ing  s i ze      < .001 < .00
1
Random 
ef fec ts  
    
σἒῼ . 28** *  .01  .28** * .01 .28** * .01 .28** *  .01  .28** * .01
σῆΏῼ  . 003  .00
4  
< .001 < .00
1
.004 .00
3
.003 .00
4  
.004 .004
-2  Log  
L i ke l i hood 
1880 .
1  
 1871 .4*
* *  
 1877 .
6  
 1880 .
1  
 1813 .5*
* *  
 
RῺῼ . 26   .26   .26   .26   .26   
Rῼῼ           
*p< .05 ;  * *p< .01 ;  * * *p< .001 
 
 
12.2.4. Individual work performance 
For  the measurement  of  ind iv idual  work per formance d i f ferent  sca les were used.  The 
sca les used in  the f i rs t  s tudy (chapter  9.2 .4.3)  were complemented by two sca les 
measur ing dedicat ion and v igour ,  two components  o f  work engagement  (chapter  
11.2.2) .  The corre la t ions between the measures are presented in Table 125.  The 
corre lat ions are moderate to  h igh in s ize.  However ,  the s ize of  the corre la t ions shows 
that  the d i f ferent  measures do on ly par t ia l ly  over lap and common var iance 
(ca lcu la ted by squared corre lat ion va lues)  is  between 6.7 and 27.8 per  cent .  
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Therefore the d i f ferent  measurements  are cons idered as d i f ferent  aspects  of  the 
ind iv idual  work per formance const ruct .  
The env ironmenta l  var iab les used for  the work per formance mul t i leve l  analyses are 
pr ivacy,  o f f ice  no ise,  cont ro l ,  indoor  c l imate,  l ight ing,  soc ia l  dens i ty,  workspace 
qual i ty,  workp lace appropr ia teness,  and d is t ract ion.  
Table 125. Correlat ion matrix for individual work performance measures 
(n = 1325)30 
 Sel f -assessed job 
per formance 
(Log of )  Sel f -
assessed job 
per formance based 
on Feedbacks 
(Log of )  
S i tuat ional  job 
per formance Dedicat ion
(Log of )  Sel f -
assessed job 
per formance based 
on Feedbacks 
,460**  
(Log of )  S i tuat ional  
job per formance 
,527** ,354**
Dedicat ion ,439** ,278** ,456**
Vigour  ,258** ,268** ,378** ,493**
**  Corre lat ion is  s ign i f icant  at  the .01 leve l .  
12.2.4.1. Self-assessed job performance 
The analyses for  se l f -assessed job per formance are summar ised in Table 126 to  
Table 128.  There is  a  very smal l  but  s tat is t ica l ly s ign i f icant  e f fect  of  age on job 
per formance.  Older  employees repor t  s l ight ly h igher  scores in  se l f -assessed job 
per formance.  Var iab les per ta in ing to  the of f ice env i ronment  exp la in  8  per  cent  of  
leve l  1  var iance.  The s ign i f icant  pred ic tors  are workspace qual i ty and d is t ract ion 
(model  2) .  These pred ic tors  remain s tat is t ica l ly s ign i f icant  a lso in model  3  where job 
character is t ics  are added.  Var ie ty is  the on ly s ign i f icant  job character is t ics  and adds 
substant ia l ly  to  var iance expla ined.  Level  1 var iance expla ined in  the model  wi th  
o f f ice and job character is t ics  is  20 per  cent  (model  3) .  
Level  2  var iab les lead to  a  reduct ion in  the dev iance s ta t is t ic  for  models  6 ( to ta l  
o f f ice space per  person) ,  7 ( ra t io o f  workspace area to shared spaces per  person) ,  
and 12 (bu i ld ing s ize) .  Th is  reduct ion in  the dev iance character is t ic ,  however ,  is  not  
matched by a reduct ion of  leve l  2 res idual  var iance and the γ -weights  assoc iated wi th  
the leve l  2 var iab les in these models  are not  s ta t is t ica l ly s ign i f icant .  
 
  
                                                          
30 D i f fe rences  o f  these co r re la t i ons  compared  to  Tab le  112  a re  due  to  samp le  s i ze ;  the  
co r re la t i on  mat r i ces  a re  based on  cases  w i th  comple te  da ta  fo r  a l l  va r i ab les .  Because Tab le  
125  con ta ins  fewer  va r iab les  than  Tab le  112 ,  fewer  cases  a re  exc luded  in  the  co r re la t i on  
mat r i x .  
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Table 126. Mult i level models for effects of  off ice and job characterist ics 
on self-assessed performance  
 Model  
0  
 Model  1   Model  2   Model  3   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  3 .85** *  .03 3 .57** * .07  3 .60** * .07  3 .67** * .06  
Fixed  e f fec ts      
Gender   .06 .03  .05 .03  .06* .03  
Age  .01** * .002 .01** .002 .004* .002 
Tenure   < .001 .002 < .001 .002 < .001 .002 
Pr i vacy    . 04 .03  .04 .03  
Of f i ce  no ise    - .02 .02  - .03 .02  
Con t ro l    . 005 .03  - .04 .03  
Indoor  c l ima te    . 001 .02  - .003 .01  
L igh t ing    - . 02 .02  - .03 .02  
Soc ia l  dens i ty    . 03 .04  .04 .03  
Workspace  
qua l i t y  
  . 08** .02  .06** .02  
Workp lace  
appropr ia teness  
  - .02 .03  - .004 .03  
Work  and  
s to rage  spaces  
  - .02 .08  - .04 .08  
D is t rac t ion    . 06** .02  .05** .02  
Scope  o f  ac t ion     . 01 .02  
Var ie ty     . 26** * .02  
Over load    . 04 .02  
Random ef fec ts      
σἒῼ . 25** *  .01 .25** * .01  .23** * .01  .20** * .01  
σῆΏῼ  . 02**  .01 .02** .01  .01* .01  .01* .005 
-2  Log  
L i ke l i hood 
1964 .3   1821 .7* * *   1708 .7* * *   1514 .0* * *   
RῺῼ   0   . 08   .20   
Rῼῼ   0   . 50   .50   
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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Table 127. Mult i level models for effects of  off ice and job characterist ics 
on self-assessed performance (continued from Table 126) 
 Model  4   Model  5   Model  6   Model  7   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  3 .80** *  .13 3 .80** *  .12  3 .68** *  .09  3 .62** * .07
Fixed  e f fec ts       
Gender  .06*  .03 .06*  .03  .07*  .03  .06* .03
Age .004*  .002 .004*  .002 .004*  .002 .004* .002
Tenure  < .001 .002 <  - .001 .002 <  - .001 .002 <  - .001 .002
Pr i vacy  .04  .03 .04  .03  .04  .03  .03 .03
Of f i ce  no ise  - .03  .02 - .03  .02  - .03  .02  - .03 .02
Cont ro l  - .04  .03 - .04  .03  - .03  .03  - .03 .03
Indoor  c l ima te  - .005 .01 - .003 .01  .002 .01  .001 .01
L igh t ing  - .03  .02 - .03  .02  - .03*  .02  - .03* .02
Soc ia l  dens i ty  .05  .04 .03  .03  .04  .03  .04 .03
Workspace  
qua l i t y  
.06**  .02 .06**  .02  .05*  .02  .06** .02
Workp lace  
appropr ia teness  
- .004 .03 - .002 .03  - .005 .03  - .007 .03
Work  and  
s to rage  spaces  
- .04  .08 - .04  .08  - .04  .08  - .04 .08
D is t rac t ion  .05**  .02 .05**  .02  .05**  .02  .05** .02
Scope  o f  ac t ion  .01  .02 .01  .02  .01  .02  .01 .02
Var ie ty  .26** *  .02 .26** *  .02  .26** *  .02  .26** * .02
Over load .04  .02 .04  .02  .04  .02  .04 .02
Of f i ce  t ype  1  - .10  .12     
O f f i ce  t ype  2  - .17  .12     
O f f i ce  t ype  3  - .14  .12     
O f f i ce  t ype  4  - .15  .15     
Spa t ia l  dens i t y  
1  
 - .01  .01    
Spa t ia l  dens i t y  
2  
   - . 001  .004 
Spa t ia l  dens i t y  
3  
     . 07 .07
Random ef fec ts       
σἒῼ . 20** *  .01 .20** *  .01  .20** *  .01  .20** * .01
σῆΏῼ  . 01  .004 .01*  .004 .01*  .005 .01* .005
-2  Log  
L i ke l i hood 
1511 .4   1512 .2   1493 .9* * *   1492 .9* * *   
RῺῼ . 20   .20   .20   .20   
Rῼῼ . 50   .50   .50   .50   
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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Table 128. Mult i level models for effects of  off ice and job characterist ics 
on self-assessed performance (continued from Table 127) 
 Mode
l  8  
 Mode
l  9  
 Mode
l  10  
 Mode
l  11  
 Model  
12  
 
 γ  SE γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  3 .66*
* *  
.06  3 .65*
* *
.07 3 .70*
* *  
.07  3 .68*
* *  
.08  3 .67** * .07
Fixed  e f fec ts        
Gender  0 .06*  0 .03  0 .06* 0 .03 0 .06*  0 .03  0 .06*  0 .03  0 .05 0 .03
Age 0 .004
*  
0 .00
2  
0 .004
*
0 .00
2
0 .004
*  
0 .00
2  
0 .004
*  
0 .00
2  
0 .004* 0 .00
2
Tenure  <  -
.001 
.002 <  -
.001
.002 <  -
.001 
.002 <  -
.001 
.002 <  - .001 .002
Pr i vacy  0 .04  0 .03  0 .03 0 .03 0 .04  0 .03  .04  .03  .03 .03
Of f i ce  no ise  -0 .03  0 .02  -0 .03 0 .02 -0 .03  0 .02  -0 .03  0 .02  -0 .03 0 .02
Con t ro l  -0 .04  0 .03  -0 .04 0 .03 -0 .04  0 .03  -0 .04  0 .03  -0 .03 0 .03
Indoor  
c l ima te  
- .002 .01  - .003 .01 - .003 .01  - .003 .01  <  - .001 .01
L igh t ing  -0 .03  0 .02  -0 .03 0 .02 -0 .03  0 .02  -0 .03  0 .02  -0 .03* 0 .02
Soc ia l  
dens i t y  
0 .03  0 .03  0 .05 0 .03 0 .04  0 .03  0 .04  0 .03  0 .04 0 .03
Workspace  
qua l i t y  
0 .06*
*  
0 .02  0 .06*
*
0 .02 0 .06*
*  
0 .02  0 .06*
*  
0 .02  0 .05* 0 .02
Workp lace  
appropr ia ten
ess  
-
0 .005 
0 .03  -
0 .002
0 .03 -
0 .003 
0 .03  -
0 .004 
0 .03  0 .002 0 .03
Work  and  
s to rage  
spaces  
- .03  .08  - .04 .08 - .04  .08  - .04  .08  - .04 .08
D is t rac t i on  0 .05*
*  
0 .02  0 .05*
*
0 .02 0 .05*
*  
0 .02  0 .05*
*  
0 .02  0 .05** 0 .02
Scope  o f  
ac t i on  
0 .01  0 .02  0 .01 0 .02 0 .01  0 .02  0 .01  0 .02  0 .01 0 .02
Var ie ty  0 .26*
* *  
0 .02  0 .26*
* *
0 .02 0 .26*
* *  
0 .02  0 .26*
* *  
0 .02  0 .26** * 0 .02
Over load 0 .03  0 .02  0 .04 0 .02 0 .04  0 .02  0 .03  0 .02  0 .03 0 .02
Ven t i la t i on  .07  .05      
Bu i l d ing  age   . 001 .001     
T ime s ince  
las t  i ndoor  
re fu rb ishment  
  - .007  .006   
W indows      - . 01  .05  
Bu i ld ing  s i ze        < .001 < .00
1
Random 
ef fec ts  
      
σἒῼ . 20** *  .01  .20** * .01 .20** *  .01  .20** *  .01  .20** * .01
σῆΏῼ  . 01*  .004 .01* .005 .01*  .005 .01*  .005 .01* .005
-2  Log  
L i ke l i hood 
1512 .
2  
 
 1513 .
1  
 1512 .
7  
 1514 .
0  
 1423 .2*
* *  
 
RῺῼ . 20   .20   .20   .20   .20   
Rῼῼ . 50   .50   .50   .50   .50   
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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12.2.4.2. Work performance based on feedback 
 
In  Table 129 to Table 131 the resu l ts  o f  the mul t i leve l  analyses for  se l f -assessed 
per formance based on feedback are summar ised.  For  th is  outcome,  an ef fect  of  
gender  is  s ign i f icant ,  ind icat ing h igher  se l f - repor ted va lues by men.  Two var iab les 
f rom the of f ice env i ronment ,  cont ro l  and d is t ract ion,  appear  as s ign i f icant  pred ic tors  
in  model  2,  exp la in ing 4  per  cent  of  leve l  1  var iab i l i ty .  With  the in t roduct ion of  job 
character is t ics  in model  3 ,  however ,  the effects  o f  cont ro l  over  the of f ice env i ronment  
and d is t ract ion d isappear .  A l l  three of  the job character is t ics  appear  as s ign i f icant  
pred ic tors  in  th is  model .  With  th is  model ,  f i f teen per  cent  o f  leve l  1 var iance is  
exp la ined.  
When leve l  2  pred ic tors  are examined in  models  4 to 12,  the same pat tern as wi th  the 
f i rs t  measure of  job per formance appears:  the dev iance s tat is t ic  is  reduced for  
models  6,  7,  and 12 a l though the pred ic tors  are not  s ign i f icant .  
Table 129. Mult i level models for effects of  off ice and job characterist ics 
on self-assessed performance based on feedbacks 
 Model  
0  
 Model  1   Model  2   Model  3   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  4 .11** *  .02  4 .06** *  .07  3 .01** *  .07  4 .10** *  .07  
Fixed  e f fec ts     
Gender    . 07* .03 .08* .03  .08* .03
Age   . 001 .002 .003 .002 < .001 .002
Tenure    - .003 .002 - .004 .002 - .003 .002
Pr i vacy    . 005 .03  - .008 .03
Of f i ce  no ise    - .006 .02  - .01 .02
Cont ro l    . 06* .03  .02 .03
Indoor  c l ima te    - .005 .02  - .006 .02
L igh t ing    . 01 .02  .01 .02
Soc ia l  dens i ty    . 06 .03  .06 .03
Workspace  
qua l i t y  
  . 04 .02  .03 .02
Workp lace  
appropr ia teness  
  - .03 .03  - .01 .03
Work  and  
s to rage  spaces  
  - .06 .08  - .13 .08
D is t rac t ion    . 05* .02  .03 .02
Scope  o f  ac t ion     . 10** * .02
Var ie ty     . 14** * .02
Over load    . 10** * .02
Random ef fec ts     
σἒῼ . 26** *  .01  .26** * .01 .25** * .01  .22** * .01
σῆΏῼ  . 01  .004 .01 .004 .01 .004 .01 .004
-2  Log  
L i ke l i hood 
1977 .4   1854 .2* * *   1746 .9* * *   1622 .5* * *   
RῺῼ   0   . 04   .15   
Rῼῼ         
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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Table 130. Mult i level models for effects of  off ice and job characterist ics 
on self-assessed performance based on feedbacks (continued from Table 
129)  
 Model  4   Model  5   Model  6   Model  7   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  4 .15** *  .13 4 .02** * .11  4 .02** *  .09  4 .06** * .07  
Fixed  e f fec ts       
Gender  .08**  .03 .08* .03  .08*  .03  .08** .03  
Age < .001 .002 < .001 .002 < .001 .002 < .001 .002 
Tenure  - .004 .002 - .003 .002 - .003 .002 - .003 .002 
Pr i vacy  - .007 .03 - .007 .03  - .007 .03  - .007 .03  
Of f i ce  no ise  - .01  .02 - .01 .02  - .01  .02  - .01 .02  
Con t ro l  .02  .03 .02 .03  .03  .03  .03 .03  
Indoor  c l ima te  - .006 .02 - .006 .02  - .004 .02  - .005 .02  
L igh t ing  .007 .02 .008 .02  .006 .02  .006 .02  
Soc ia l  dens i ty  .04  .04 .07* .03  .07*  .03  .06 .03  
Workspace  
qua l i t y  
.03  .02 .03 .02  .03  .02  .03 .02  
Workp lace  
appropr ia teness  
- .01  .03 - .01 .03  - .01  .03  - .01 .03  
Work  and  
s to rage  spaces  
- .13  .08 - .13 .08  - .13  .08  - .13 .08  
D is t rac t ion  .03  .02 .03 .02  .03  .02  .03 .02  
Scope  o f  ac t ion  .10** *  .02 .10** * .02  .10** *  .02  .10** * .02  
Var ie ty  .14** *  .02 .14** * .02  .14** *  .02  .14** * .02  
Over load .10** *  .02 .10** * .02  .11** *  .02  .11** * .02  
Of f i ce  t ype  1  - .09  .12     
O f f i ce  t ype  2  - .06  .12     
O f f i ce  t ype  3  - .02  .12     
O f f i ce  t ype  4  - .07  .15     
Spa t ia l  dens i t y  
1  
 .007 .009    
Spa t ia l  dens i t y  
2  
  . 004  .004  
Spa t ia l  dens i t y  
3  
    . 05 .06  
Random ef fec ts       
σἒῼ . 22** *  .01 .22** * .01  .22** *  .01  .22** * .01  
σῆΏῼ  . 01  .004 .01 .004 .01  .004 .01 .004 
-2  Log  
L i ke l i hood 
1620 .7   1621 .9   1601 .8* * *   1602 .3* * *   
RῺῼ . 15   .15   .15   .15   
Rῼῼ         
*p< .05 ;  * *p< .01 ;  * * *p< .001 
 
  
  282 
 
 
Table 131. Mult i level models for effects of  off ice and job characterist ics 
on self-assessed performance based on feedbacks (continued from Table 
130) 
 Model  
8  
 Model  
9  
 Model  
10  
 Model  
11  
 Model  
12  
 
 γ  SE γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  4 .09**
*  
.07 4 .11**
*
.07 4 .09**
*
.07 4 .18**
*  
.08  4 .1^1* * * .07  
Fixed  e f fec ts      
Gender  .08*  .03 .08* .03 .08* .03 .08*  .03  .08** .03  
Age < .001 .00
2
< .001 .00
2
< .001 .00
2
< .001 .00
2  
< .001 .00
2  
Tenure  - .003 .00
2
- .003 .00
2
- .003 .00
2
- .003 .00
2  
- .003 .00
2  
Pr i vacy  - .007 .03 - .007 .03 - .008 .03 - .005 .03  - .005 .03  
Of f i ce  no ise  - .01  .02 - .01 .02 - .01 .02 - .01  .02  - .01 .02  
Con t ro l  . 02  .03 .02 .03 .02 .03 .02  .03  .02 .03  
Indoor  c l ima te  - .006 .02 - .006 .02 - .006 .02 - .006 .02  - .008 .02  
L igh t ing  .008 .02 .008 .02 .008 .02 .009 .02  .005 .02  
Soc ia l  dens i ty  .06  .03 .06 .03 .06 .03 .05  .03  .05 .04  
Workspace  
qua l i t y  
.03  .02 .03 .02 .03 .02 .03  .02  .02 .02  
Workp lace  
appropr ia tene
ss  
- .01  .03 - .01 .03 - .01 .03 - .01  .03  - .01 .03  
Work  and  
s to rage  
spaces  
- .13  .08 - .13 .08 - .13 .08 - .13  .08  - .10 .08  
D is t rac t ion  .03  .02 .03 .02 .03 .02 .03  .02  .03 .02  
Scope  o f  
ac t i on  
.10** *  .02 .10** * .02 .10** * .02 .10** *  .02  .10** * .02  
Var ie ty  .14** *  .02 .14** * .02 .14** * .02 .14** *  .02  .15** * .02  
Over load .10** *  .02 .10** * .02 .10** * .02 .10** *  .02  .10** * .02  
Ven t i l a t i on  .03  .05    
Bu i l d ing  age  <  -
.001
.00
1
   
T ime s ince  
las t  i ndoor  
re fu rb ishment  
 . 002 .00
5
   
W indows   - .09  .05   
Bu i l d ing  s i ze     <  - .001 <  -
.00
1  
Random 
ef fec ts  
    
σἒῼ . 22** *  .01 .22** * .01 .22** * .01 .22** *  .01  .22** * .01  
σῆΏῼ  . 01  .00
4
.01 .00
4
.01 .00
4
.01  .00
4  
.01 .00
4  
-2  Log  
L i ke l i hood 
1622 .
0  
 1622 .
2  
 1622 .
4  
 1619 .
6  
 1548 .6* *
*  
 
RῺῼ . 15   .15   .15   .15   .15   
Rῼῼ           
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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12.2.4.3. Situational Work performance 
Resul ts  o f  the mul t i level  analyses for  s i tuat ional  work per formance are presented in  
Table 132 to  Table 134.  There is  a  smal l  but  s ta t is t ica l ly s ign i f icant  ef fect  o f  age for  
s i tuat ional  work per formance.  Perce ived env ironmenta l  character is t ics  exp la in  10 per  
cent  of  leve l  1  var iance (model  2) .  The s ign i f icant  pred ic tors  are pr ivacy,  workp lace 
appropr ia teness,  workspace qual i ty,  d is t ract ion,  and indoor  c l imate.  With  the 
in t roduct ion of  job character is t ics  (model  3) ,  indoor  c l imate is  not  s ta t is t ica l ly 
s ign i f icant  anymore.  In  cont rast  to the other  two measures of  job per formance,  in  the 
analyses wi th  s i tuat ional  work per formance workp lace appropr ia teness appears as a 
s tat is t ica l ly s ign i f icant  negat ive predic tor .  H igher  assessments of  workp lace 
appropr ia teness are re la ted to  lower  assessments o f  s i tuat ional  per formance.  
In  addi t ion to  the env i ronmenta l  character is t ics  ment ioned before,  a l l  o f  the job 
character is t ics  are s tat is t ica l ly s ign i f icant  in th is  model .  Gender  a lso emerges as a 
s ign i f icant  pred ic tor  of  s i tuat ional  per formance in  model  3.  As wi th  o ther  measures of  
per formance,  men assess the i r  own per formance h igher  than women.  
In  model  3 not  on ly leve l  1  res idual  var iance is  reduced (as compared to  model  0)  but  
a lso leve l  2  res idual  var iance.  Level  2  res idual  var iance is  not  fur ther  reduced by the 
models  conta in ing leve l  2  pred ic tors  (models  4 to  12) ,  a l though in  models  6,  7,  and 
12 the dev iance s ta t is t ic  is  smal ler  (compared to model  3) .  The leve l  2 pred ic tors ,  
however ,  are not  s ta t is t ica l ly s ign i f icant .  
Table 132. Mult i level models for effects of  off ice and job characterist ics 
on self-assessed situational performance 
 Model  
0  
 Model  1   Model  2   Model  3   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  4 .97** *  .04 4 .39** * .12  4 .38** * .12  4 .55** * .11  
Fixed  e f fec ts      
Gender   .07 .06  .09 .06  .11* .05  
Age  .01** * .003 .01** * .003 .01** .003 
Tenure   < .001 .004 .003 .004 .002 .004 
Pr i vacy    . 16** .05  .16** .05  
Of f i ce  no ise    <  - .001 .03  - .01 .03  
Con t ro l    . 02 .05  - .07 .04  
Indoor  c l ima te    . 06* .03  .05 .03  
L igh t ing    . 06 .03  .04 .03  
Soc ia l  dens i ty    . 05 .06  .07 .06  
Workspace  
qua l i t y  
  . 10* .04  .07* .04  
Workp lace  
appropr ia teness  
  - .15* * .05  - .12* .05  
Work  and  
s to rage  spaces  
  . 09 .14  .02 .13  
D is t rac t ion    . 09** .03  .07* .03  
Scope  o f  ac t ion     . 12** .04  
Var ie ty     . 44** * .04  
Over load    . 10** .03  
Random ef fec ts      
σἒῼ . 84** *  .03 .83** * .03  .76** * .03  .63** * .03  
σῆΏῼ  . 04*  .02 .04* .02  .04* .01  .03* .01  
-2  Log  
L i ke l i hood 
3528 .8   3323 .6* * *   3120 .4* * *   2894 .7* * *   
RῺῼ   . 01   .10   .25   
Rῼῼ   0   0   . 25   
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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Table 133. Mult i level models for effects of  off ice and job characterist ics 
on self-assessed situational performance (continued from Table 132) 
 Model  4   Model  5   Model  6   Model  7   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  4 .82** *  .24 4 .48** * .22  4 .51** *  .17  4 .52** * .14  
Fixed  e f fec ts       
Gender  .11*  .05 .11* .05  .12*  .05  .12* .05  
Age .01**  .003 .01** .003 .01**  .003 .01** .003 
Tenure  .002 .004 .002 .004 .002 .004 .002 .004 
Pr i vacy  .16**  .05 .16** .05  .16**  .05  .16** .05  
Of f i ce  no ise  - .01  .03 - .01 .03  - .02  .03  - .02 .03  
Con t ro l  - .08  .04 - .07 .04  - .07  .04  - .07 .05  
Indoor  c l ima te  .05  .03 .05 .03  .05  .03  .05 .03  
L igh t ing  .04  .03 .04 .03  .04  .03  .04 .03  
Soc ia l  dens i ty  .11  .07 .08 .06  .08  .06  .08 .06  
Workspace  
qua l i t y  
.07*  .04 .07* .04  .07*  .04  .08* .04  
Workp lace  
appropr ia teness  
- .12* *  .05 - .13* * .05  - .12* *  .05  - .12* .05  
Work  and  
s to rage  spaces  
.02  .13 .02 .13  - .01  .13  - .01 .13  
D is t rac t ion  .07*  .03 .07* .03  .07*  .03  .07* .03  
Scope  o f  ac t ion  .12**  .04 .12** .04  .11**  .04  .11** .04  
Var ie ty  .44** *  .04 .44** * .04  .44** *  .04  .44** * .04  
Over load .10**  .03 .10** .03  .10**  .03  .10** .03  
Of f i ce  t ype  1  - .22  .22     
O f f i ce  t ype  2  - .27  .23     
O f f i ce  t ype  3  - .29  .23     
O f f i ce  t ype  4  - .55  .27     
Spa t ia l  dens i t y  
1  
 .007 .02     
Spa t ia l  dens i t y  
2  
  . 003  .007  
Spa t ia l  dens i t y  
3  
    . 07 .12  
Random ef fec ts       
σἒῼ . 63** *  .03 .64** * .03  .63** *  .03  .63** * .03  
σῆΏῼ  . 03*  .01 .03* .01  .03*  .01  .03* .01  
-2  Log  
L i ke l i hood 
2890 .4   2894 .6   2857 .9* * *   2857 .7* * *   
RῺῼ . 25   .24   .25   .25   
Rῼῼ . 25   .25   .25   .25   
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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Table 134. Mult i level models for effects of  off ice and job characterist ics 
on self-assessed situational performance (continued from Table 133) 
 Model  
8  
 Model  
9  
 Model  
10  
 Model  
11  
 Model  
12  
 
 γ  SE γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  4 .58**
*  
.14 4 .46** * .12 4 .54**
*
.12 4 .52**
*  
.15  4 .56** * .11
Fixed  e f fec ts     
Gender  .11*  .05 .12* .05 .11* .05 .11*  .05  .10 .05
Age .01**  .00
3
.01** .00
3
.01** .00
3
.01**  .00
3  
.01** .00
3
Tenure  .002 .00
4
.002 .00
4
.002 .00
4
.002 .00
4  
.003 .00
4
Pr i vacy  .16**  .05 .15** .05 .16** .05 .16**  .05  .14** .05
Of f i ce  no ise  - .01  .03 - .01 .03 - .01 .03 - .01  .03  - .02 .03
Con t ro l  - .07  .04 - .08 .04 - .07 .04 - .07  .04  - .03 .04
Indoor  c l ima te  .05  .03 .05 .03 .05 .03 .05  .03  .05 .03
L igh t ing  .04  .03 .04 .03 .04 .03 .04  .03  .03 .03
Soc ia l  dens i ty  .07  .06 .09 .06 .07 .06 .07  .06  .05 .06
Workspace  
qua l i t y  
.07*  .04 .07* .04 .07* .04 .07*  .04  .07* .04
Workp lace  
appropr ia tene
ss  
- .13*  .05 - .12* .05 - .13* .05 - .12*  .05  - .12* .05
Work  and  
s to rage  
spaces  
.02  .13 .01 .13 .02 .13 .02  .13  .04 .13
D is t rac t ion  .07*  .03 .07* .03 .07* .03 .07*  .03  .07* .03
Scope  o f  
ac t i on  
.12**  .04 .12** .04 .12** .04 .12**  .04  .11** .04
Var ie ty  .44** *  .04 .44** * .04 .44** * .04 .44** *  .04  .45** * .04
Over load .10**  .03 .10** .03 .10** .03 .10**  .03  .11** .03
Ven t i l a t i on  - .03  .09   
Bu i l d ing  age  .002* .00
1
  
T ime s ince  
las t  i ndoor  
re fu rb ishment  
 . 002 .01   
W indows   .03  .10  
Bu i ld ing  s i ze     <  - .001 <  -
.00
1
Random 
ef fec ts  
   
σἒῼ . 63** *  .03 .63** * .03 .64** * .03 .63** *  .03  .61** * .03
σῆΏῼ  . 03*  .01 .03* .01 .03* .01 .03*  .01  .02 .01
-2  Log  
L i ke l i hood 
2894 .
6  
 2889 .8
*  
 2894 .
7  
 2894 .
6  
 2707 .8* *
*  
 
RῺῼ . 25   .25   .24   .25   .27   
Rῼῼ . 25   .25   .25   .25     
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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12.2.4.4. Dedication 
 
Dedicat ion is  one of  two components  of  work engagement .  The resu l ts  for  th is  
measure of  job per formance are d isp layed in  Table 135 to  Table 137.  The resul ts  
show a smal l  but  s ta t is t ica l ly s ign i f icant  ef fect  o f  age.  The s tat is t ica l ly s ign i f icant  
pred ic tors  per ta in ing to the of f ice env i ronment  are cont ro l ,  workspace qual i ty,  o f f ice 
no ise,  workp lace appropr ia teness,  l ight ing,  and d is t ract ion (model  2) .  The same 
var iab les are s ta t is t ica l ly s ign i f icant  in  model  3 wi th  the except ion of  cont ro l  and 
d is t ract ion.  A l l  env i ronmenta l  var iab les are pos i t ive ly re la ted to dedicat ion wi th  the 
except ion of  workp lace appropr ia teness.  
The job character is t ics  in t roduced in  model  3 are s tat is t ical l y s ign i f icant  wi th  var iety 
hav ing a markedly h igher  γ -weight  than scope of  ac t ion and over load,  respect ive ly.  In 
model  3  a lso tenure appears as a s ign i f icant pred ic tor .  Tenure is  negat ive ly re la ted 
to  dedicat ion,  i .e .  employees wi th  a  h igher  tenure repor t  lower  va lues in  dedicat ion.  
The ef fect ,  however ,  is  smal l  as  the low γ -weight  ind icates.  Level  1 var iance 
expla ined is  46 per  cent  in  model  3 and leve l  2 res idual  var iance is  c lose to  0 in  th is  
model .  The models  inc lud ing leve l  2  pred ic tors  therefore do not  prov ide fur ther  
in format ion.  The dev iance s ta t is t ic  is  s ign i f icant ly smal ler  for  models  6,  7 ,  and 12 as 
in  the prev ious analyses.  
 
Table 135. Mult i level models for effects of  off ice and job characterist ics 
on dedication 
 Model  
0  
 Model  1   Model  2   Model  3   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  3 .16** *  .02  2 .92** * .07 2 .90** * .07  3 .02** * .05
Fixed  e f fec ts     
Gender    - .02 .03 - .02 .03  .01 .02
Age   . 008** * .002 .008** * .002 .005** .001
Tenure    - .006* .002 - .004* .002 - .004* .002
Pr i vacy    . 006 .03  .01 .02
Of f i ce  no ise    . 06** .02  .06** * .01
Con t ro l    . 09** * .03  .02 .02
Indoor  c l ima te    . 02 .02  .005 .01
L igh t ing    . 05** .02  .03* .01
Soc ia l  dens i ty    . 03 .03  .04 .02
Workspace  
qua l i t y  
  . 08** * .02  .05** .02
Workp lace  
appropr ia teness  
  - .06* .03  - .05* .02
Work  and  
s to rage  spaces  
  - .07 .08  - .09 .06
D is t rac t ion    . 04* .02  .02 .01
Scope  o f  ac t ion     . 04** .02
Var ie ty     . 40** * .02
Over load    . 04* .02
Random ef fec ts     
σἒῼ . 26** *  .01  .26** * .01 .23** * .01  .14** * .01
σῆΏῼ  . 015**  .005 .012* .005 .008* .004 < .001 .001
-2  Log  
L i ke l i hood 
2022 .1   1886 .8* * *   1661 .8* * *   1069 .4* * *   
RῺῼ   0   . 12   .46   
Rῼῼ   . 20   .46     
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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Table 136. Mult i level models for effects of  off ice and job characterist ics 
on dedication (continued from Table 135) 
 Model  4   Model  5   Model  6   Model  7   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  3 .03** *  .08 3 .11** * .07  3 .01** * .06  2 .98** * .05  
Fixed  e f fec ts      
Gender  .01  .02 .01 .02  .01 .02  .001 .02  
Age .005**  .001 .005** .001 .004** .001 .004** .001 
Tenure  - .004*  .002 - .004* .002 - .004* .002 - .004** .002 
Pr i vacy  .01  .02 .01 .02  .01 .02  .004 .02  
Of f i ce  no ise  .06** *  .01 .06** * .01  .05** * .01  .05** * .01  
Con t ro l  .01  .02 .02 .02  .02 .02  .02 .02  
Indoor  c l ima te  .002 .01 .005 .01  .003 .01  < .001 .01  
L igh t ing  .03*  .01 .03* .01  .03* .01  .03* .01  
Soc ia l  dens i ty  .04  .03 .03 .02  .04 .02  .04 .02  
Workspace  
qua l i t y  
.06**  .02 .05** .02  .05** .02  .06** .02  
Workp lace  
appropr ia teness  
- .05*  .02 - .04* .02  - .05* .02  - .05* * .02  
Work  and  
s to rage  spaces  
- .09  .06 - .10 .06  - .10 .06  - .10 .06  
D is t rac t ion  .02  .01 .02 .01  .02 .01  .03 .01  
Scope  o f  ac t ion  .04**  .02 .04** .02  .05** .02  .04** .02  
Var ie ty  .39** *  .02 .40** * .02  .40** * .02  .40** * .02  
Over load .04*  .02 .04* .02  .04* .02  .04** .02  
Of f i ce  t ype  1  <  - .001 .06    
O f f i ce  t ype  2  - .06  .07    
O f f i ce  t ype  3  - .004 .07    
O f f i ce  t ype  4  .03  .08    
Spa t ia l  dens i t y  
1  
 - .009 .005   
Spa t ia l  dens i t y  
2  
  . 001 .002  
Spa t ia l  dens i t y  
3  
   . 10** .04  
Random ef fec ts      
σἒῼ . 14** *  .01 .14** * .01  .14** * .01  .14** * .01  
σῆΏῼ  < .001 < .001 < .001 < .001 < .001 .001 < .001 < .001 
-2  Log  
L i ke l i hood 
1063 .9   1066 .2   1057 .3* * *   1050 .7* * *   
RῺῼ . 46   .46   .46   .46   
Rῼῼ         
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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Table 137. Mult i level models for effects of  off ice and job characterist ics 
on dedication (continued from Table 136) 
 Mode
l  8  
 Mode
l  9  
 Mode
l  10  
 Mode
l  11  
 Model  
12  
 
 γ  SE γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  3 .02*
* *  
.05  3 .00*
* *  
.05 3 .04*
* *
.05 2 .97*
* *  
.06  2 .99** * .05
Fixed  e f fec ts       
Gender  .01  .02  .01  .02 .01 .02 .01  .02  .02 .02
Age .004*
*  
.00
1  
.005*
* *  
.001 .005*
* *
.001 .005*
* *  
.001  .005** * .001
Tenure  - .004*  .00
2  
- .004*  .002 -
.005*
*
.002 -
.004*
*  
.002 - .004** .002
Pr i vacy  .01  .02  .01  .02 .01 .02 .01  .02  .01 .02
Of f i ce  no ise  .06** *  .01  .06** *  .01 .06** * .01 .06** *  .01  .06** * .01
Con t ro l  . 02  .02  .02  .02 .02 .02 .02  .02  .02 .02
Indoor  
c l ima te  
.005 .01  .004 .01 .005 .01 .005 .01  .006 .01
L igh t ing  .03*  .01  .03*  .01 .03* .01 .03*  .01  .03* .01
Soc ia l  
dens i t y  
.04  .02  .05*  .02 .04 .02 .05*  .02  .03 .02
Workspace  
qua l i t y  
.05**  .02  .05**  .02 .05** .02 .05**  .02  .05** .02
Workp lace  
appropr ia ten
ess  
- .05* *  .02  - .04*  .02 - .05* .02 - .05*  .02  - .05 .02
Work  and  
s to rage  
spaces  
- .09  .06  - .09  .06 - .09 .06 - .09  .06  - .12 .06
D is t rac t ion  .02  .01  .02  .01 .02 .01 .02  .01  .02 .01
Scope  o f  
ac t i on  
.04**  .02  .05**  .02 .04* .02 .04**  .02  .04* .02
Var ie ty  .40** *  .02  .40** *  .02 .40** * .02 .40** *  .02  .39** * .02
Over load .04*  .02  .04*  .02 .04* .02 .04*  .02  .04** .02
Ven t i la t i on  .01  .03     
Bu i l d ing  age   < .001 < .00
1
  
T ime s ince  
las t  i ndoor  
re fu rb ishment  
   - . 004 .003   
W indows     . 04  .03  
Bu i ld ing  s i ze       . 00007* .0000
3
Random 
ef fec ts  
     
σἒῼ . 14** *  .01  .14** *  .01 .14** * .01 .14** *  .01  .14** * .01
σῆΏῼ  < .001 .00
1  
< .001 < .00
1
< .001 < .00
1
< .001 < .00
1  
< .001 < .001
-2  Log  
L i ke l i hood 
1069 .
2  
 1067 .
7  
 1067 .
3  
 1067 .
7  
 1024 .8*
* *  
 
RῺῼ . 46   .46   .46   .46   .46   
Rῼῼ           
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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12.2.4.5. Vigour 
The resu l ts  for  the second component  of  work engagement ,  v igour ,  are summar ised 
in  Table 138 to Table 140.  Out  of  the set  of  cont ro l  var iab les,  tenure appears as 
s ign i f icant  pred ic tor  in models  1 and 2 but  not  in  model  3.  The fo l lowing var iab les 
f rom the of f ice env i ronment  appear  as s ign i f icant  pred ic tors  in models  2  and 3:  soc ia l  
dens i ty,  pr ivacy,  workp lace appropr ia teness,  workspace qual i ty,  and d is t ract ion.  
S imi lar ly to  the resu l ts  for  dedicat ion workp lace appropr iateness is  negat ive ly 
assoc ia ted wi th  v igour .  Level  1  var iance explanat ion in model  2  is  seventeen per  
cent ,  i .e .  th is  share of  var iance is  exp la ined by of f ice character is t ics .  In  model  3 
leve l  1  var iance explanat ion increases to  th i r ty-n ine per  cent .  Th is  increase is  due to  
the integrat ion of  job character is t ics  in  th is  model .  A l l  three var iab les regard ing job 
character is t ics  are h igh ly s ign i f icant  pred ic tors .  L ike in  the analyses for  the other  
facets  of  work  per formance,  the dev iance s ta t is t ic  is  s ign i f icant ly reduced for  models  
6 ,  7,  and 12.  S imi lar ly to  the resu l ts  for  dedicat ion,  leve l  2 res idual  var iance is  very 
smal l  in  the basel ine model  (model  0)  and a lmost  reduced to  0  in model  3 .  A lso for  
v igour  the leve l  2  pred ic tors  do not  conta in informat ion and predic tors  are not  
s tat is t ica l ly s ign i f icant .  
Table 138. Mult i level models for effects of  off ice and job characterist ics 
on vigour 
 Model  
0  
 Model  1   Model  2   Model  3   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  2 .81** *  .02 2 .76** * .06 2 .73** * .06  2 .83** *  .05
Fixed  e f fec ts     
Gender   .005 .03 .01 .03  - .03  .02
Age  .002 .002 .003 .002 < .001 .001
Tenure   - .006** .002 - .004* .002 - .003 .002
Pr i vacy   .08** .03  .05*  .02
Of f i ce  no ise   .02 .02  .02  .01
Con t ro l   . 01 .02  - .01  .02
Indoor  c l ima te   .02 .01  .02  .01
L igh t ing   .02 .02  .02  .01
Soc ia l  dens i ty   . 12** * .03  .10** *  .02
Workspace  
qua l i t y  
 . 04** .02  .03*  .02
Workp lace  
appropr ia teness  
 - .09* * .03  - .07* *  .02
Work  and  
s to rage  spaces  
 .28** * .07  .13*  .06
D is t rac t i on   .09** * .02  .07** *  .01
Scope  o f  ac t ion    . 07** *  .02
Var ie ty    . 16** *  .02
Over load   . 27** *  .02
Random ef fec ts     
σἒῼ . 23** *  .01 .22** * .01 .19** * .01  .14** *  .01
σῆΏῼ  . 004  .002 .004 .002 .003 .002 < .001 < .001
-2  Log  
L i ke l i hood 
1797 .5   1667 .7* * *   1403 .2* * *   1056 .3* * *   
RῺῼ   . 04   .17   .39   
Rῼῼ         
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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Table 139. Mult i level models for effects of  off ice and job characterist ics 
on vigour (continued from Table 138) 
 Model  
4  
 Model  
5  
 Model  6   Model  7   
 γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  2 .81** *  .08 2 .92** * .07 2 .83** * .06  2 .80** * .05
Fixed  e f fec ts    
Gender  - .02  .02 - .02 .02 - .02 .02  - .03 .02
Age < .001 .001 < .001 .001 < .001 .001 < .001 .001
Tenure  - .003 .002 - .003 .002 - .003 .002 - .003 .002
Pr i vacy  .05*  .02 .05* .02 .05 .02  .04 .02
Of f i ce  no ise  .02  .01 .02 .01 .01 .01  .01 .01
Cont ro l  - .01  .02 - .01 .02 - .01 .02  - .01 .02
Indoor  c l ima te  .02  .01 .02 .01 .02 .01  .01 .01
L igh t ing  .02  .01 .02 .01 .02 .01  .02 .01
Soc ia l  dens i ty  .09**  .03 .09** * .03 .10** * .02  .10** * .02
Workspace  
qua l i t y  
.03*  .02 .03 .02 .03 .02  .04* .02
Workp lace  
appropr ia teness  
- .07*  .02 - .06* * .02 - .06* * .02  - .07* * .02
Work  and  
s to rage  spaces  
.13*  .06 .12* .06 .12* .06  .12* .06
D is t rac t i on  .07** *  .01 .06** * .01 .07** * .01  .07** * .01
Scope  o f  ac t ion  .07** *  .02 .06** * .02 .06** * .02  .06** * .02
Var ie ty  .16** *  .02 .16** * .02 .16** * .02  .16** * .02
Over load .27** *  .02 .27** * .02 .27** * .02  .27** * .02
Of f i ce  t ype  1  .02  .06  
Of f i ce  t ype  2  .02  .07  
Of f i ce  t ype  3  .03  .07  
Of f i ce  t ype  4  .04  .08  
Spa t ia l  dens i t y  
1  
 - .009 .005  
Spa t ia l  dens i t y  
2  
 < .001 .002 
Spa t ia l  dens i t y  
3  
  . 07 .04
Random 
ef fec ts  
  
σἒῼ . 14** *  .01 .14** * .01 .14** * .01  .14** * .01
σῆΏῼ  < .001 < .001 < .001 < .001 < .001 < .001 < .001 < .001
-2  Log  
L i ke l i hood 
1056 .0   1053 .8   1043 .2* * *   1039 .4* * *   
RῺῼ . 39   .39   .39   .39   
Rῼῼ         
*p< .05 ;  * *p< .01 ;  * * *p< .001 
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Table 140. Mult i level models for effects of  off ice and job characterist ics 
on vigour (continued from Table 139) 
 Mode
l  8  
 Mode
l  9  
 Mode
l  10  
 Mode
l  11  
 Model  
12  
 
 γ  SE γ  SE γ  SE γ  SE γ  SE 
I n te rcep t  2 .85*
* *  
.06 2 .82*
* *  
.05 2 .85*
* *  
.05 2 .86*
* *  
.06  2 .82** * .05
Fixed  e f fec ts       
Gender  - .03  .02 - .02  .02 - .03  .02 - .03  .02  - .02 .02
Age < .001 .001 < .001 .001 < .001 .001 < .001 .001 < .001 .001
Tenure  - .003 .002 - .003 .002 - .003 .002 - .003 .002 - .003* .002
Pr i vacy  .05*  .02 .05*  .02 .05*  .02 .05*  .02  .04 .02
Of f i ce  no ise  .01  .01 .02  .01 .02  .01 .01  .01  .02 .01
Con t ro l  - .01  .02 - .01  .02 - .01  .02 - .01  .02  - .01 .02
Indoor  
c l ima te  
.02  .01 .02  .01 .02  .01 .02  .01  .02 .01
L igh t ing  .02  .01 .02  .01 .02  .01 .02  .01  .02 .01
Soc ia l  
dens i t y  
.10** *  .02 .11** *  .02 .10** *  .02 .10** *  .02  .09** * .02
Workspace  
qua l i t y  
.03  .02 .03*  .02 .03  .02 .03*  .02  .03 .02
Workp lace  
appropr ia ten
ess  
- .07* *  .02 - .07* *  .02 - .07* *  .02 - .07* *  .02  - .06* .02
Work  and  
s to rage  
spaces  
.13*  .06 .13*  .06 .13*  .06 .13*  .06  .12 .06
D is t rac t i on  .07** *  .01 .07** *  .01 .07** *  .01 .07** *  .01  .07** * .01
Scope  o f  
ac t i on  
.07** *  .02 .07** *  .02 .06** *  .02 .07** *  .02  .06** * .02
Var ie ty  .16** *  .02 .16** *  .02 .16** *  .02 .16** *  .02  .16** * .02
Over load .27** *  .02 .27** *  .02 .27** *  .02 .27** *  .02  .27** * .02
Ven t i l a t i on  - .01  .02     
Bu i l d ing  age  .0002 .000
3
   
T ime s ince  
las t  i ndoor  
re fu rb ishment  
  - .005  .003   
Windows     - . 02  .03  
Bu i ld ing  s i ze       < .001 < .00
1
Random 
ef fec ts  
     
σἒῼ . 14** *  .01 .14** *  .01 .14** *  .01 .14** *  .01  .14** * .01
σῆΏῼ  < .001 < .00
1
< .001 < .00
1
< .001 < .00
1
< .001 < .00
1  
< .001 < .00
1
-2  Log  
L i ke l i hood 
1056 .
1  
 1055 .
8  
 1053 .
9  
 1055 .
8  
 1015 .7*
* *  
 
RῺῼ . 39   .39   .39   .39   .39   
Rῼῼ           
*p< .05 ;  * *p< .01 ;  * * *p< .001 
 
12.2.4.6. Summary individual work performance 
Five measures of  work per formance were employed in  the second s tudy.  These 
measures cover  d i f ferent  aspects  of  ind iv idual  work per formance and the i r  
in tercorre la t ions are moderate (Table 125) .  The resu l ts  of  the mul t i leve l  analyses for  
each of  the work per formance measure show that  workspace qual i ty is  the most  
cons is tent  pred ic tor  of  work per formance.  This var iab le is  s tat is t ica l ly s ign i f icant  in  4  
out  of  5 mul t i leve l  models .  Workp lace appropr iateness and dis t ract ion appear  as 
pred ic tors  in  three models .  Cont rary to expectat ions,  workp lace appropr ia teness is  
negat ive ly assoc iated wi th  the outcome.  Pr ivacy appears as a s tat is t ica l l y s ign i f icant  
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pred ic tor  in two models  (s i tuat ional  per formance and v igour) .  In  three models  a weak 
ef fect  o f  age is  ident i f ied and in  two models  a  s tat is t ica l ly s ign i f icant  ef fec t  o f  gender  
resu l ted.  Men seem to assess the i r  per formance h igher  than women (see a lso Deaux 
& Farr is ,  1977) .  A l l  o f  the job character is t ics  are s tat is t ical l y s ign i f icant  in a l l  the 
models  except  the analys is  for  se l f -assessed job per formance where var ie ty appears 
as the on ly s ign i f icant  job character is t ic .  Var iance explanat ion on leve l  1  at t r ibutable  
to  character is t ics  of  the o f f ice env i ronment  is  between four  (se l f -assesses 
per formance based on feedbacks)  and seventeen (v igour)  per  cent .  
In  none of  the analyses  of  work per formance leve l  2  pred ic tors  were s ta t is t ica l ly 
s ign i f icant .  Level  2  res idual  var iance is  smal l  f rom the outset  of  the analyses (see 
a lso Table 115)  and is  reduced be leve l  1  ra ther  than leve l  2  var iab les.  However ,  
dev iance s ta t is t ics  are cons is tent ly  reduced for  models  6 ,  7,  and 12,  ind icat ing a 
genera l ly bet ter  f i t  for  these models .  
12.3. Discussion of study 2 
In  Study 2 the in f luence of  bu i ld ing leve l  parameters  on employee- leve l  outcomes 
(work area sat is fact ion,  job sat is fact ion,  heal th,  and work per formance)  are analysed.  
Pre l iminary analyses showed that  int rac lass corre la t ions for  the outcomes are 
between very smal l  ( .014 for  v igour)  and large ( .16 for  work area sat is fac t ion) ,  
showing d i f ferent  degrees of  homogenei ty o f  par t ic ipants  wi th in  bu i ld ings.  The s izes 
of  the int rac lass corre lat ions may in f la te type I  er ror .  Fur thermore,  pre l iminary 
analyses of  f loor  space categor ies per  workstat ion show cons iderab le  var ia t ion 
between bui ld ings.  Together ,  these resu l ts  ind icate that  mul t i - leve l  analyses are 
appropr ia te.  Mul t i - leve l  analyses were conducted in  a sequence of  s teps,  s tar t ing 
wi th  an in tercept -on ly model  wi thout  any exp loratory var iab les fo l lowed by models  
that  success ive ly conta in  more exp lanatory var iab les (cont ro l  var iab les,  
character is t ics  of  the of f ice env i ronment ,  and job character is t ics ,  respect ive ly) .  In 
fur ther  s teps,  bu i ld ing character is t ics  were tested one by one.  For  the models  wi th  
bu i ld ing- leve l  exp lanatory var iab les,  the fo l lowing var iab les were added to f loor  
space measures:  o f f ice type,  vent i la t ion type,  bu i ld ing age,  t ime s ince last  indoor  
re furb ishment ,  windows,  and bu i ld ing s ize.  
The pat tern o f  resu l ts  is  s imi lar  for  a l l  outcome var iab les.  The second- leve l  ( i .e .  
bu i ld ing leve l )  var iab les analysed in  the mul t i - leve l  models  are not  genera l ly 
s tat is t ica l ly s ign i f icant  coef f ic ients  in  the models .  The models  conta in ing tota l  of f ice 
space,  rat io o f  workspace area to shared spaces per  person,  and bu i ld ing s ize are 
assoc ia ted wi th  s ign i f icant  reduct ions in  dev iance,  a  measure descr ib ing how wel l  the 
model  f i ts  the data.  Addi t iona l ly,  bu i ld ing age is  a s ign i f icant  coef f ic ient  in the 
models  for  heal th  and s i tuat ional  per formance.  The regress ion coef f ic ients  of  these 
bu i ld ing- leve l  e f fects  are marg ina l  in  s ize.  They are,  however ,  assoc iated wi th  a  
s tat is t ica l ly s ign i f icant  reduct ion of  dev iance,  a  measure cons idered bet ter  and more 
re l iab le  for  the assessment  of  mul t i - leve l  models  than s ign i f icance tests  o f  mul t i - leve l  
regress ion coef f ic ients  (Hox,  2010) .  Thus,  the dev iance reduct ions suggest  that  tota l  
o f f ice space,  ra t io o f  workspace area to shared spaces per  person,  and bu i ld ing s ize 
may cont r ibute to  employee sat is fac t ion,  heal th ,  and per formance.  Compared to  
ind iv idual - leve l  e f fects ,  however ,  the ef fects  are very smal l .  In order  to understand 
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these inf luences bet ter  more research is  needed.  Espec ia l ly the number  of  bu i ld ings 
should be increased for  a  re l iab le  analys is  o f  smal l  ef fects .  
S ince the between-bui ld ing var iance is  large ly exp la ined by employee- leve l  var iab les 
and the marg ina l  s ize of  leve l  2  coef f ic ients ,  no random s lope models  were analysed.  
The most  informat ive models  in  the sequences of  analyses are s tep-3 models ,  i .e.  
ind iv idual  leve l  models  conta in ing of f ice character is t ics  and job character is t ics  as 
exp lanatory var iab les (summar ised in  Table 141) .  These models  are s imi lar  to  
ord inary least  square l inear  regress ion models  (Hox,  2010)  such as the ones 
employed in  s tudy 1.   
The resu l ts  show,  that  work area sat is fact ion is  exp la ined to  a large degree (62 per  
cent )  by the perce ived of f ice character is t ic  var iab les inc luded in  the s tudy.  Two 
var iab les re la ted to  the furn i ture are the most  impor tant  coef f ic ients :  workspace 
qual i ty and work and s torage space.  The var iables re lated to  the soc io-spat ia l  
env i ronment  –  d is t ract ion and pr ivacy – are h igh ly s ign i f icant  but  lower  s ized 
coef f ic ients .  Two of  the var iab les refer r ing to  the ambient  env i ronment  ( indoor  
c l imate and l ight ing)  and cont ro l  over  the ind iv idual  work env i ronment  are a lso 
s tat is t ica l ly s ign i f icant .  Of f ice no ise and soc ia l  dens i ty are the on ly var iab les 
per ta in ing to  the of f ice env i ronment  that  do not  appear  as s ign i f icant  pred ic tors .   
These f ind ings for  work area sat is fac t ions are in  l ine wi th  resu l ts  f rom other  s tud ies.  
Frontczak,  Schiavon,  Goins,  Arens,  Zhang & Wargock i  (2011)  repor t  that  sat is fact ion 
wi th  amount  o f  space was the most  important  pred ic tor  o f  overa l l  occupant  
sat is fact ion in  the i r  research.  Sat is fact ion wi th  amount  of  work and s torage space 
may mediate the in f luence of  leve l-2  measures of  ava i lab le space.  
Of f ice character is t ics  a lso have exp lanatory power  for  job sat is fact ion.  Here,  
workspace qual i ty is  the s t rongest  pred ic tor .  In addi t ion to workspace qual i ty,  the 
coef f ic ients  for  d is t ract ion,  cont ro l ,  and indoor  c l imate are s ign i f icant .  
In  the model  for  heal th  soc ia l  dens i ty,  d is t ract ion,  workp lace appropr ia teness,  
workspace qual i ty,  indoor  c l imate,  and of f ice no ise are s tat is t ica l ly s ign i f icant  
exp lanatory var iab les.  Genera l ly,  women repor t  more symptoms of  i l l  hea l th  than 
men.  The resul ts  for  the ind iv idual  work per formance measures are heterogeneous.  
For  two of  the three measures of  sel f -assessed job per formance the coef f ic ients  for  
workspace qual i ty and d is t ract ion are s ta t is t ica l l y s ign i f icant .  Addi t iona l ly,  for  
s i tuat ional  work per formance pr ivacy and workp lace appropr ia teness are s ign i f icant  
exp lanatory var iab les.  Workspace qua l i ty and workp lace appropr ia teness are 
s tat is t ica l ly s ign i f icant  for  the work engagement  measures.  Fur thermore,  for  the 
dedicat ion component  of  work engagement ,  of f ice no ise and l ight ing appear  as 
s ign i f icant  pred ic tors .  For  the v igour  component  the coef f ic ients  for  work  and s torage 
spaces,  soc ia l  dens i ty,  d is t ract ions,  and pr ivacy are s ign i f icant .  
The cont ro l  var iab les ind icate moderate gender  e f fects  for  work area sat is fact ion and 
the se l f -assessment  of  ind iv idual  work per formance and a s t rong ef fect  for  heal th.  
Age and tenure have marg ina l  in f luences.  The job character is t ics  are s tat is t ica l ly 
s ign i f icant  and cons is tent  pred ic tors  of  a l l  outcomes except  work area sat is fact ion.  
Var ie ty is  the s t rongest  pred ic tor  in most  models  and is  unexpected ly a lso s ign i f icant  
for  work  area sat is fac t ion.  
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The resu l ts  summar ised in  Table 141 show that  not  a l l  o f f ice character is t ics  are 
re levant  for  a l l  outcomes.  Contro l  over  the own work env i ronment  is  s ign i f icant  for  
work area and job sat is fact ion but  not  for  the other  outcomes.  S imi lar ly,  indoor  
c l imate is  an exp lanatory var iab le  for  work area sat is fac t ion,  job sat is fact ion,  and 
heal th  on ly.  Soc ia l  dens i ty cont r ibutes to var iance expla ined in  heal th  and v igour  and 
of f ice no ise is  s ign i f icant  in the heal th  and dedicat ion models .  S imi lar ly as in  the f i rs t  
s tudy,  a lso in  the second s tudy there are some ind ic tors  for  mediat ion ef fects  for  
cont ro l  over  the env i ronment  by job character is t ics  ( in  the models  for  job sat is fac t ion,  
job per formance based on feedback,  and dedicat ion) .  The d i rect ion of  the 
re la t ionships ind icates whether  they act  as demands or  resources.  The resu l ts  
conf i rm the pos i t ion of  the env i ronmenta l  var iables in the Job Demands-Resources 
f ramework f rom the f i rs t  s tudy (F igure 45) .  
 
Var iance expla ined by o f f ice env ironment  factors  in the models  is  s ix ty- two per  cent  
for  work  area sat is fac t ion,  th i r ty per  cent  for  job sat is fact ion,  e ighteen per  cent  for  
heal th ,  four  to  n ine per  cent  for  work  per formance and twelve to  th i r teen per  cent  for  
work engagement .  Var iance explanat ion is  genera l ly h igher  for  sat is fac t ion than for  
behav iour  ( ind iv idual  work per formance)  (see a lso Humphrey et  a l . ,  2007) .  
 
The main a im of  th is  s tudy was to  ident i fy bu i ld ing- leve l  var iab les that  exp la in  
var iance in employee- leve l  outcomes.  The s ta t is t ica l  models  show that  o f f ice  space 
per  employee and bu i ld ing s ize may cont r ibute to  var iance explanat ion for  the 
outcome var iab les s tud ied.  Th is  e f fect ,  however ,  is  detectab le  on ly in  the overa l l  
model  f i t ,  i .e .  the descr ip t ion of  the f i t  between a s tat is t ica l  model  and a set  of  
observat ions.  The ef fects  o f  o f f ice space per  employee and bui ld ing s ize are not  
s tat is t ica l ly s ign i f icant  on the leve l  o f  s ign i f icance tests  for  coef f ic ients .  Th is  
ind icates that  they do not  cont r ibute un ique var iab i l i ty .  Bu i ld ing- leve l  var iab les may 
be confounded wi th  ind iv idual - leve l  percept ions and assessments or  may act  as 
prox ies for  o ther  inf luenc ing var iables.  Fur ther  research should examine th is  
re la t ionship by inc lud ing aggregated leve l -1 character is t ics  in  mul t i - leve l  models ,  i .e .  
by inc lud ing aggregated leve l -1 var iab les as s t ructura l  leve l-2  var iab les (see Hox,  
2010;  Raudenbush & Bryk,  2002) .  I f  aggregated leve l -1 var iab les are s ta t is t ica l ly 
re la ted to an outcome even af ter  cont ro l l ing for  leve l -1  ef fects  th is  wou ld suggest  
that  leve l -1 and leve l -2 var iab les are confounded.  
 
The resu l ts  ind icate that  ef fects  of  bu i ld ing- leve l  var iab les may become very smal l  or  
i r re levant  when known ef fects  of  of f ice and job des ign are cont ro l led for  in the s tudy 
des ign and when var iance is  cor rect ly par t i t ioned to the adequate leve l  as in  mul t i -
leve l  model l ing.  Thus,  no ob ject ive of f ice bu i ld ing des ign var iab les can be ident i f ied 
as sources of  inf luence on sat is fact ion,  heal th ,  and per formance.  Rather ,  percept ions 
of  the env i ronments have exp lanatory power .  Th is  resu l t  cor roborates prev ious 
research that  ident i f ied s t ronger  cor re lat ions between se l f - repor ted measures and 
s t ra in as compared to  ob ject ive measures of  s t ressors  (B.  A.  Gre iner  et  a l . ,  1998;  B.  
A.  Gre iner  et  a l . ,  1997) .   
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Table 141. Summary of the step-3 models (γ-values) 
 Work  a rea  
sa t i s fac t i on  
Job  
sa t i s fac t i on
Hea l th Se l f -assessed  
job  
pe r fo rmance 
Se l f -assessed  
job  
pe r fo rmance  
based on  
feedback
S i tua t i ona l  
work  
pe r fo rmance
Ded ica t i on  V igour  
Gender  .07*  .08 - .21* * * .06*  .08* .11* .01  - .03  
Age - .004*  .002 - .004 .004*  < .001 .01** .005**  < .001 
Tenure  .002 - .002 .002 < .001 - .003 .002 - .004*  - .003 
Pr i vacy  .11** *  .04 .05 .04  - .008 .16** .01  .05*  
O f f i ce  no ise  - .01  .04 .04* - .03  - .01 - .01 .06** *  .02  
Con t ro l  . 10** *  .11* - .04 - .04  .02 - .07 .02  - .01  
Indoor  c l ima te  .08** *  .05* .04* - .003 - .006 .05 .005 .02  
L igh t ing  .05**  .03 .02 - .03  .01 .04 .03*  .02  
Soc ia l  dens i ty  .01  .11 .11** .04  .06 .07 .04  .10** *  
Workspace  qua l i t y  .44** *  .27** * .05* .06**  .03 .07* .05**  .03*  
Workp lace  
appropr ia teness  
 .03 - .06* - .004 - .01 - .12* - .05*  - .07* *  
Work  and  s to rage  
spaces  
.30** *  - .12 .16 - .04  - .13 .02 - .09  .13*  
D is t rac t i ons  .11** *  .12** * .10** * .05**  .03 .07* .02  .07** *  
Scope  o f  ac t ion  - .002 .06 .11** * .01  .10** * .12** .04**  .07** *  
Var ie ty  .06*  .47** * .10** * .26** *  .14** * .44** * .40** *  .16** *  
Over load .02  .14** * .13** * .04  .10** * .10** .04*  .27** *  
∆R 2  con t ro l  va r iab les  .02  .02 .03 0  0 .01 0  .04  
∆R 2  env i ronment  .62  .30 .18 .8  .04 .09 .12  .13  
∆R 2  job  charac te r i s t i cs  0  .11 .05 .12  .11 .14 .34  .22  
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The re la t ionships between percept ions and outcomes show that  factors  o f  the 
ambient  env i ronment  are more impor tant  for  sat is fact ion and heal th than for  work  
per formance.  Of f ice no ise is  weakly  assoc ia ted wi th  heal th  and dedicat ion but  not  
wi th  the other  outcome measures.  Compared to  prev ious research,  the ef fects  o f  
o f f ice no ise are smal l .  Th is  f ind ing can be expla ined through the cons iderat ion of  
qual i t ies  of  o f f ice no ise.  As severa l  s tud ies summar ised in  chapter  6.2.1  show,  the 
most  d is turbing aspect  of  of f ice no ise is  speech.  The impact  o f  th is  aspect  o f  o f f ice 
no ise is  captured in the s ign i f icant  ef fects  of  d is t ract ions in  the workp lace.  
D is t rac t ion is  a s ign i f icant  coef f ic ient  for  most  o f  the outcome measures,  inc lud ing 
three of  the f ive per formance measures.   
The other  aspects  of  the soc io-spat ia l  env i ronment  have more spec i f ic  ef fec ts :  soc ia l  
dens i ty is  pos i t ive ly assoc ia ted wi th  heal th and v igour ,  a resu l t  that  ind icates that  
prox imi ty or  access ib i l i ty  to  co l leagues connected wi th  soc ia l  dens i ty may act  as  a 
resource for  wel l -be ing.  Pr ivacy is  a s ign i f icant  pred ic tor  for  work area sat is fact ion,  
s i tuat ional  work per formance,  and v igour .  Th is resu l t  conf i rms that  pr ivacy genera l ly 
acts  as a resource.  
The mater ia l  env i ronment  has not  rece ived much at tent ion in  research.  In th is  s tudy,  
the qual i ty o f  the workspace appears as an impor tant  pred ic tor  of  a l l  outcome 
measures except  one work per formance measure.  Work and s torage spaces are 
s t rong pred ic tors  of  work  area sat is fact ion and are a lso corre la ted wi th  v igour .  
Workp lace appropr ia teness is  negat ive ly assoc ia ted wi th  heal th ,  s i tuat ional  work 
per formance,  and work engagement .  Th is  resu l t  is  unexpected because workp lace 
appropr ia teness is  assumed to be a resource.  The resu l t  may be due to  the h igh 
in tercorre la t ions wi th  o ther  aspects  o f  the of f ice env i ronment  and the low un ique 
var iab i l i ty  cont r ibuted by workp lace appropr iateness.  
Contro l  over  the work env i ronment  is  a  s ign i f icant  pred ic tor  for  both,  work  area and 
job sat is fac t ion.  Th is  conf i rms resu l ts  f rom prev ious research (Lee & Brand,  2005) .  
However ,  the in f luences of  cont ro l  on per formance repor ted by Leaman & Bordass 
(2005)  are not  conf i rmed.  
 
From th is  pat tern of  resu l ts  i t  can be conc luded that  soc io-spat ia l  and mater ia l  
aspects  of  the of f ice env i ronment  are impor tant  job demands or  resources for  work 
per formance whi le  aspects  o f  the ambient  env i ronment  are impor tant  for  work area 
sat is fact ion,  job sat is fact ion,  and heal th.  Contro l  over  the of f ice env i ronment  
cont r ibutes to  work area and job sat is fact ion.  
12.3.1. Limitations of the second study 
There are at  least  four  l imi tat ions that  must  be ment ioned for  the eva luat ion of  the 
second s tudy.  
Whi le  the second s tudy uses a large dataset ,  the f ind ings are l imi ted by the cross-
sect iona l  nature o f  the data that  does not  a l low the in ference of  causal i ty.  However ,  
based on the theoret ical  f ramework and prev ious research,  the d i rect ion o f  the 
ef fects  can be assumed to be va l id .   
A second l imi tat ion is  the re l iance on se l f - repor ts  in the outcome measures.  In  
connect ion wi th  se l f - repor ts  o f  percept ions of  the env ironment  th is  causes a concern 
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for  common method b ias.  Common-method b ias refers  to  the fact  that  both,  the 
independent  and dependent  var iab les are measured us ing the same method.  This  
may resu l t  in  common method var iance,  i .e.  the increased propor t ion of  var iance 
at t r ibutab le to  the method of  data co l lec t ion (and not  to the const ructs  the var iab les 
represent ) .  Whi le  common method bias is  a cont rovers ia l  issue (Podsakof f  e t  a l . ,  
2003;  Spector ,  2006)  the d i f ferences in the models  for  the di f ferent  ind iv idual  work 
per formance measures ind icate that  par t ic ipants  g ive a d i f ferent ia ted,  complete,  and 
fu l l  account  o f  the i r  se l f -assessments.  
The th i rd l imi tat ion re fers  to the bu i ld ing- leve l  data.  These data were  co l lec ted us ing 
a check l is t  and in terv iews.  On the one hand d i f ferences may ex is t  between average 
bu i ld ing features and loca l  (e.g .  f loor -spec i f ic )  condi t ions.  Not  a l l  employees of  a 
spec i f ic  of f ice bu i ld ing par t ic ipated in  the survey and therefore such d i f ferences may 
be of  consequence.  On the other  hand the bu i ld ing- leve l  data co l lec ted could be too 
abst ract  and of  l imi ted re levance for  the employees.  Prev ious research has shown 
that  the immediate env i ronment  is  more impor tant  for  eva luat ions of  work 
env i ronments  than more d is tant  aspects  (Donald,  1994;  Marans & Spreckelmeyer ,  
1982) .  Therefore,  ob ject ive measures of  of f ice and workspace qual i ty may have more 
exp lanatory power  than the var iab les analysed in  th is  s tudy.   
The four th  l imi tat ion cons is ts  in the composi t ion of  the sample.  The par t ic ipants  and 
par t ic ipat ing organisat ions represent  a convenience sample.  Organisat ions were 
par t ic ipated in  the s tudy on a vo luntary bas is .  Th is  sampl ing technique may threaten 
the externa l  va l id i ty o f  the f ind ings because the samples are not  representat ive of  
the populat ion and genera l iz ing f rom the resu l ts  obta ined f rom a convenience sample 
may be er roneous (T .  D.  Cook et  a l . ,  1990) .  Due to the s ize of  the sample both in 
terms of  ind iv idual  par t ic ipants  and par t ic ipat ing organisat ions the threat  of  ex terna l  
va l id i ty is  cons idered to  be l imi ted.  
12.3.2. Conclusions and implications 
The resu l ts  o f  the second s tudy show that  ob ject ive measures of  of f ice bu i ld ing and 
des ign parameters  genera l ly exp la in  l i t t le  var iabi l i ty  in  ind iv idual  leve l  outcomes.  
Rather ,  var iab i l i ty  in  the outcome measures (work area sat is fact ion,  job sat is fac t ion,  
heal th ,  work  per formance)  is  exp la ined by ind iv idual  percept ions and assessments  o f  
the of f ice env i ronment  and job character is t ics .  The in f luences of  the perce ived 
in f luence on the outcomes are therefore large ly independent  o f  bu i ld ing 
character is t ics .  However ,  the models  wi th soc ia l  dens i ty and bu i ld ing s ize measures 
increased overa l l  model  f i t  wi thout  cont r ibut ing un ique var iab i l i ty .  The re la t ionship 
between spat ia l  dens i ty  and bu i ld ing s ize and ind iv idual  leve l  outcomes deserves and 
requi res fur ther  research.  The percept ion and assessment  o f  the amount  of  space 
avai lab le  is  an impor tant  factor  for  env i ronmenta l  sat is fact ion.  However ,  the re lat ion 
to  ob ject ive parameters  remains unc lear  and the sat is fact ion wi th  ava i lab le  spaces 
may be af fected by other  fac tors  than the actua l  measurable  f loor  area.  
Whi le  the overa l l  f i t  o f  models  inc lud ing leve l -2  coef f ic ients  for  spat ia l  dens i ty and 
bu i ld ing s ize was bet ter  than for  models  wi thout  these var iab les,  the ef fect  s ize 
seems to be smal l  when leve l -2 e f fects  are taken in to account .  Espec ia l l y o f f ice  type,  
a  common concept  in o f f ice workp lace research (Bodin Danie lsson & Bodin,  2008;  
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Duf fy,  1997;  Oldham, Cummings & Zhou,  1995)  seems be less impor tant  than some of  
the perce ivable  consequences such as d is t ract ions or  pr ivacy of f ice types impl icate.  
Des ign ing of f ices and tak ing in to account  d is t ract ion and pr ivacy issues may be more 
independent  o f  o f f ice types than current  d iscuss ions suggest .  Vent i la t ion type and 
operable windows,  two impor tant  issues in susta inable bu i ld ing des ign and comfor t  
research (e.g .  Brager  & Baker ,  2009;  Steemers & Manchanda,  2010;  Wargock i ,  2009)  
a lso may be less impor tant  than the actua l  implementat ion,  use and cont ro l  o f  
vent i la t ion systems and pract ices.  Eventual ly,  bu i ld ing age and t ime s ince last  indoor  
re furb ishment  p lay a  marg ina l  ro le ind icat ing that  bu i ld ing adaptat ion (Brand,  1995)  
and modern isat ion cont r ibute l i t t le  to  the outcomes analysed.  The ef fects  of  such 
in tervent ions are captured by the impor tance of  workspace qua l i ty as an impor tant  
leve l -1  var iab le .  
The re la t ionship  between ob ject ive parameters  o f  of f ice des ign and outcomes 
deserves more research.  Object ive data regarding s t ressors  or  resources in  work 
env i ronments  remain an impor tant  sc ient i f ic and pragmat ic  goal  o f  research because 
i t  wi l l  a l low for  more ef fect ive des ign.  However ,  the ident i f ica t ion of  in format ive 
ob ject ive parameters  is  d i f f icu l t  because such parameters  may overs impl i fy the 
re la t ionship between des ign parameters  and human exper ience and behaviour .  
Therefore,  a cont ingency-based approach may prove more f ru i t fu l .  Such an approach 
should cons ider  the jo int  adaptat ion of  phys ica l  (o f f ice des ign) ,  soc ia l  (e .g .  
organisat ional  cu l ture) ,  task,  and informat ion technology systems wi th  workforce 
demographics and employee needs as impl ied in  the soc io- technica l  systems 
approach or  suggested by the organisat ional  eco logy approach (Becker ,  1990,  2007) .   
Whi le  th is  s tudy ind icates that  for  ev idence based des ign there is  yet  a  long way to  
go,  the f ind ings suppor t  ev idence-based reasoning for  workp lace des ign (Pul len,  
2005)  that  combines the use of  sc ient i f ic  ev idence wi th  ind iv idual  des ign exper t ise 
and organisat ional  cho ices (see a lso Sacket t ,  Rosenberg,  Mui r  Gray,  Haynes & 
Richardson,  1996) .  
The resu l ts  o f  th is  s tudy show,  that  the outcome measures are in par ts  assoc iated 
wi th  d i f ferent  pred ic tors ,  e .g.  cont ro l  is  cor re la ted wi th  sat is fact ion but  not  
per formance and heal th  and workp lace appropr ia teness is  corre lated wi th  work 
engagement  and s i tuat ional  per formance but  not  wi th  sat is fact ion and heal th .  On the 
bas is  of  th is  ev idence spec i f ic  goals  of  workp lace des ign therefore should  focus on 
d i f ferent  e lements .   
In  th is  s tudy,  the bu i ld ing re la ted parameters  examined proved of  l i t t le  in format ive 
va lue.  Th is  s t rengthens user-cent red approaches to  of f ice and workp lace des ign 
(V ischer ,  2008)  that  s t ress the impor tance of  analys ing s takeholder  and user  needs 
as wel l  as  cont inuous evaluat ion and improvement  of  ex is t ing work set t ings.  
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13. Discussion 
Whi le  many s tud ies have invest igated the mot ivat ional  character is t ics  o f  job and work 
des ign (Humphrey et  a l . ,  2007;  Parker  & Wal l ,  1998)  very few (Fr ied,  Melamed & 
Ben-David,  2002;  Oldham & Rotchford,  1983)  have combined job and env i ronmental  
character is t ics .  The work presented in  th is  thesis  shows that  the des ign of  o f f ice 
env i ronments af fects  employee wel l -be ing (sat is fact ion and heal th) ,  commitment ,  and 
ind iv idual  work per formance.  The pr imary f ind ing of  the analyses is  that  inf luences of  
the of f ice env i ronment  can be ident i f ied and that  these ef fects  pers is t  even when job 
des ign and factors  of  the soc ia l  env i ronment  are cont ro l led.  Thus,  the of f ice is  
assoc ia ted wi th  a  un ique cont r ibut ion to var iance expla ined in  the outcomes.  This  
conf i rms that  job character is t ic  wi th  the i r  focus on mot ivat iona l  components ,  soc ia l  
character is t ics  wi th  the i r  focus on in teract ional  components ,  and env ironmenta l  
character is t ics  wi th  the i r  focus on contextua l  components  have large ly nonredundant  
e f fects  on react ions and behaviour  o f  o f f ice occupants  and incrementa l ly pred ic t  
outcomes.  
Longi tud ina l  research in the f i rs t  s tudy shows that  changes in  o f f ice env i ronments  are 
corre lated wi th  changes in  employees ’  percept ions and assessments  o f  the of f ice 
env i ronments  and that  job character is t ics  and the perce ived soc ia l  env i ronment  
remain unaf fected.  This f ind ing conf i rms that  percept ions of  the of f ice env i ronment  
are genera l ly independent  f rom job character is t ics  and the perce ived soc ia l  
env i ronment .  Longi tud ina l  regress ion analyses resu l t  in  s t rong ev idence for  causal  
re la t ionships of  changes in the of f ice envi ronment  and ind iv idual - leve l  outcomes:  
o f f ice no ise and pr ivacy af fect  job sat is fact ion;  workp lace appropr ia teness inf luences 
env i ronmenta l  sat is fact ion,  and pr ivacy and work  and s torage spaces have an impact  
on ind iv idual  work  per formance.  Cross-sect ional  regress ion analyses in  the f i rs t  
s tudy are used to ident i fy weaker  e f fects  by us ing a larger  propor t ion of  the s tudy 
sample (as compared to the longi tud ina l  sample)  (Table 142) .  The resul ts  o f  these 
analyses are inconc lus ive because the s tat is t ica l  assoc iat ion between of f ice 
env i ronmenta l  var iab les and outcomes are incons is tent  across d i f ferent  models  
conta in ing s imi lar  or  the same set  of  var iab les.  The resul ts ,  however ,  conf i rm that  in  
some cases ( i .e .  in  some of  the organisat ions s tud ied)  ef fects  of  the of f ice 
env i ronment  on the outcomes could be ident i f ied.  The d i f ference between the 
organisat ions s tud ied is  a lso apparent  in the repeated measures analyses where the 
magni tude and d i rect ion of  changes in  user  percept ions fo l low d i f ferent  pat terns.  
Thus,  the re la t ionship  between of f ice des ign and outcome seems to  be co-determined 
by other  organisat ional  fac tors  such as usage po l ic ies,  change management  
processes,  or  aspects  of  work  and of f ice des ign not  examined in  my s tud ies.   
The resu l ts  o f  the second s tudy genera l ly conf i rm the ind iv idual  leve l  f ind ings f rom 
the f i rs t  s tudy.  No ef fects f rom bui ld ing- leve l  of f ice des ign e lements  could  be 
ident i f ied in mul t i - leve l  models  a l though the models  wi th  soc ia l  dens i ty and bu i ld ing 
s ize measures increased overa l l  model  f i t  in  compar ison to models  conta in ing on ly 
leve l  1  var iab les ( i .e .  percept ions) .  
 
  300 
The resu l ts  o f  the two s tud ies regard ing ef fects  o f  the of f ice env i ronment  on the 
outcomes are summar ised in  Table 142.  Whi le  resu l t  f rom the f i rs t  s tudy re fer  to  
e f fects  in some models ,  resu l ts  f rom the second s tudy are based on a larger  dataset  
conta in ing 39 of f ice bu i ld ings and 1373 survey par t ic ipants .  Together  the two f ie ld  
s tud ies cover  45 of f ice bu i ld ings and about  2000 respondents  in  surveys and thus 
represent  a very broad database.  A l though the database covers  many d i f ferent  
indust r ies  and profess ions i t  is  not  representat ive in  a s ta t is t ica l  sense for  Swiss 
o f f ice bu i ld ings in  genera l .  However  the s ize and composi t ion of  the sample can be 
assessed as a so l id  bas is  for  a  potent ia l  assessment  o f  o f f ice env i ronment  ef fects  on 
ind iv idual - leve l  outcomes.  
Table 142. Summary of empirical ly signif icant relat ionships between 
off ice design variables and outcomes from first  and second study 
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s tudy 1 s t 2 n d 1 s t  2 n d  1 s t  
on l y  
1 s t  2 n d  1 s t  2 n d  2 n d  
on l y  
Lighting   +  + +     +  
Indoor cl imate + + + +   -     
Office noise -   -     -    -  
Environmental  stressors (1s t  
s tudy on ly)  
     -      
Work and storage space   +  +    +   + 
Workplace appropriateness +  +  +  + -  +  -  -  
Workspace qual i ty + + + + + + +  + + 
Distract ions -  -  -  -    -  -  -  -  
Privacy +  + +    +  + + 
Crowding (1s t  s tudy on ly)  -   -         
Control   +  + +    +    
Social  densi ty       +  +  + 
+   pos i t ive in f luence  
-   negat ive inf luence  
Empty no ev idence  
Grey Resul t  f rom longi tud ina l  regress ion 
 
 
Taken together ,  the two s tud ies  show that  job sat is fact ion is  inf luenced by var ious 
aspects  of  perce ived of f ice env i ronments  such as pr ivacy,  o f f ice no ise,  d is t ract ions,  
crowding,  workspace qual i ty,  workp lace appropr ia teness,  indoor  c l imate,  and cont ro l .  
Pr ivacy and of f ice no ise appeared as s ign i f icant  pred ic tors  in  one longi tud ina l  
regress ion model  in  the f i rs t  s tudy.  However ,  the resu l ts  were not  conf i rmed in  a 
second model  that  used a d i f ferent  subset  o f  the data.  In the second s tudy workspace 
qual i ty,  d is t ract ions,  cont ro l ,  and indoor  c l imate ( in order  o f  the magni tude of  the i r  
in f luence)  are s tat is t ical l y s ign i f icant  pred ic tors  of  job sat is fact ion.  In  some of  the 
cross-sect ional  models  in  the f i rs t  s tudy pr ivacy,  d is t ract ion,  crowding,  workp lace 
appropr ia teness,  and workspace qual i ty appear  as s ign i f icant  pred ic tors .   
Env i ronmenta l  sat is fact ion was predic ted by pr ivacy and indoor  c l imate at  t ime 2 in 
one model  of  the longi tud ina l  regress ion analyses in  the f i rs t  s tudy.  The second 
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model  d id  not  reveal  any s ign i f icant  pred ic tors  a l though var iance explanat ion 
substant ia l ly  increased when t ime 2 aspects  o f  the perce ived of f ice env ironment  were 
entered into the model .  In  the second s tudy,  workspace qual i ty,  work and s torage 
spaces,  d is t ract ion,  pr ivacy,  cont ro l ,  indoor  c l imate,  and l ight ing appear  as 
s ign i f icant  pred ic tors .  In addi t ion to these aspects ,  in  some of  the cross-sect ional  
analyses in  the f i rs t  s tudy of f ice no ise and crowding appear  as s ign i f icant  pred ic tors .  
Organisat ional  commitment  was on ly analysed in  the f i rs t  s tudy.  Workp lace 
appropr ia teness,  workspace qual i ty,  and l ight ing appeared as s ign i f icant  pred ic tors  in 
cross-sect ional  models .  
 
Heal th  s tatus was not  assoc iated wi th  any pred ic tor  in longi tud ina l  models .  However ,  
in  the second s tudy soc ia l  dens i ty,  d is t ract ion,  workp lace appropr ia teness,  
workspace qual i ty,  o f f ice no ise,  and indoor  c l imate appear  as s ign i f icant  pred ic tors .  
These resul ts  conf i rm and expand f ind ings f rom the f i rs t  s tudy where workp lace 
appropr ia teness and workspace qual i ty appeared as s ign i f icant  pred ic tors .  
Ind iv idual  work per formance was pred ic ted by pr ivacy and work and s torage spaces 
in  the longi tud ina l  analyses in the f i rs t  s tudy.  Cross-sect ional  regress ion models  in  
the f i rs t  s tudy ind icate that  cont ro l  and d is t ract ions may cont r ibute to  se l f -assessed 
ind iv idual  per formance and in  one out  of  three regress ion models  workp lace 
appropr ia teness appears as a s ign i f icant  pred ic tor  whi le  soc ia l  dens i ty is  s ign i f icant  
in  one out  of  n ine s ta t is t ica l  models .  In the second s tudy pr ivacy,  workspace qual i ty,  
d is t ract ion,  and workp lace appropr ia teness are s ta t is t ica l ly  s ign i f icant  pred ic tors  of  
ind iv idual  work per formance.  Fur thermore,  in the second s tudy work and s torage 
spaces,  of f ice  no ise,  soc ia l  dens i ty,  workspace qual i ty,  workp lace appropr ia teness,  
d is t ract ions,  and l ight ing are s tat is t ica l ly  s ign i f icant  pred ic tors  of  work  engagement ,  
an addi t ional  outcome measure re lated to job per formance measured in the second 
s tudy on ly.  
The summary of  empir ica l  re la t ionships in  Table 142 shows that  the ef fects  ident i f ied 
in  the longi tud ina l  regress ion analyses in the f i rs t  s tudy are not  complete ly conf i rmed 
in  the second s tudy.  Th is  ind icates that  these ef fects  may depend on the se lect ive 
awareness of  some aspects  o f  the of f ice env ironment  caused by changes of  the 
env i ronment  rather  than on the actua l  o f f ice env i ronment .  Changing of f ice 
env i ronments  may ra ise employee’s  awareness for  cer ta in aspects  of  the work 
env i ronment .  These aspects  then become temporar i ly  more sa l ient  a l though they may 
not  be h igh ly impor tant  factors  for  sat is fact ion,  heal th ,  and work per formance.  
 
The ef fect  s izes of  each c lass of  in f luenc ing factors  (o f f ice env i ronment ,  job 
character is t ics ,  soc ia l  env i ronment)  can be captured by the var iance each of  these 
c lasses expla in  in  the outcomes.  The propor t ions of  var iance in  the outcome 
measures expla ined by aspects  of  the of f ice env i ronment ,  job des ign,  and soc ia l  
env i ronment  are summar ised in Table 143.  The compar ison of  the two s tud ies shows 
that  the magni tudes are s imi lar  for  job sat is fact ion,  env i ronmenta l  sat is fact ion,  and 
heal th .  The resu l ts  show that  s imi lar ly to  job character is t ics ,  the of f ice env i ronment  
has a s t ronger  e f fect  on at t i tud ina l  outcomes (sat is fact ion)  than on behavioura l  ones 
(per formance) .  
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Compar ing the two s tud ies,  d i f ferences can be noted:  in  the second s tudy the 
propor t ion of  var iance exp la ined in  job sat is fac t ion by job des ign is  lower  than in the 
f i rs t  s tudy.  Th is  d i f ference can be at t r ibuted to a  d i f ference in  job character is t ics  
var iab les employed.  In the second s tudy no data on task ident i ty (ho l is t ic  job)  were 
co l lec ted,  a var iab le  that  turned out  to  be more in format ive in  the f i rs t  s tudy that  had 
been assumed based on theoret ica l  models .  Most  theoret ica l  approaches and 
empir ica l  resu l ts  tend to  f ind autonomy (scope of  act ion)  the most  impor tant  job 
character is t ic  (e.g.  Frese & Zapf ,  1994;  Humphrey et  a l . ,  2007;  Karasek,  1979;  
Karasek & Theore l l ,  1990) .  The neglect  o f  task ident i ty may exp la in  the lower  
propor t ions of  var iance explanat ion in  the second s tudy.  However ,  the di f ference in 
the job des ign var iab les employed in  the two s tud ies does not  af fect  the resu l ts  for  
the other  outcome measures.  
A second d i f ference between the two s tud ies concerns var iance explanat ion by of f ice 
env i ronment  var iab les in per formance measures.  Var iance explanat ion for  these 
measures is  lower  in  the second s tudy.  The resu l ts  f rom the second s tudy are based 
on a larger  dataset  and therefore represent  more of  the heterogenei ty o f  Swiss o f f ice 
bu i ld ings.  Based on the f ind ings f rom the second s tudy,  var iance explanat ion by 
env i ronmenta l  fac tors  in ind iv idual  work per formance is  between four  and n ine per  
cent  on average.  
The resu l ts  o f  the two s tud ies suggest  that  of f ice des ign can have an impact  on 
employees ’  a t t i tudes,  wel l -be ing,  and behav iour .  Tak ing into  account  the amount  and 
d ivers i ty o f  organisat ional  and ind iv idual  var iab les that  a f fect  employees,  the 
propor t ions of  var iance accounted for  by the of f ice env i ronment  are cons idered as 
h igh.  Thus,  the analys is  o f  phys ica l  work  env i ronments  contr ibutes to the 
understanding of  resu l ts  on employee- level  that  impor tant  for  organisat ional  
per formance.   
The cont r ibut ion to  var iance explanat ion in job sat is fact ion by factors  of  the of f ice 
env i ronment  is  about  the same as the cont r ibut ion by job des ign.  Th is  resu l t  may 
incorporate the impact  of  env i ronmenta l  sat is fact ion,  i .e.  env i ronmenta l  sat is fact ion 
may const i tu te  an impor tant  facet  of  overa l l  job sat is fact ion and as such mediate the 
ef fects  of  pos i t ive or  negat ive assessments  of  o f f ice env i ronmenta l  e lements  
(Newsham et  a l . ,  2009;  Vei tch e t  a l . ,  2007) .  Th is  re lat ionship  deserves more 
at tent ion in fur ther  research.   
The phys ica l  o f f ice env ironment  accounts  for  f i f teen to twenty-one per  cent  of  
var iance in heal th  symptom and therefore should be cons idered as an impor tant  
fac tor  for  employee wel l -be ing.  However ,  th is  resu l t  is  based on a l is t  o f  symptoms 
that  may have on ly l imi ted corre la t ions wi th  actua l  absenteeism f igures,  a 
re la t ionship that  should be examined in  fur ther  research.  Never the less,  the resu l ts  
show that  the of f ice env ironment  has a cons iderable  e f fect  on s t ress-assoc ia ted 
symptoms and that  th is  e f fect  is  h igher  than the impact  o f  job des ign and the soc ia l  
env i ronment .  
Var iance explanat ion of  ind iv idual  per formance measures by factors  o f  the of f ice 
env i ronment  is  lower  than for  the other  outcomes and lower  than the rat io  o f  var iance 
expla ined by job des ign.  The va lue is  comparable  to prev ious s tud ies (Br i l l  e t  a l . ,  
2001)  and of  a s ize that  makes the of f ice env ironment  a re levant  cont r ibutor  to 
organisat ional  per formance.  The impor tance of  o f f ice des ign may even be b igger  
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when team- leve l  per formance is  taken in to account  (Br i l l  e t  a l . ,  2001) ,  a  d imension of  
workp lace research that  has rece ived l i t t le  at tent ion yet  (Heerwagen et  a l . ,  2004) .   
Table 143. Summary of proportions of variance explained in outcomes by 
classes of inf luencing factors 
 Study
Off ice 
env i ronment  Job des ign 
Soc ia l  
env i ronment  
(1s t  s tudy 
on ly)  
Job sat is fact ion 1 12-37% 15-23% 0-7% 
 2 30% 11%  
Env i ronmenta l  sat is fact ion 1 42-70% 0-1%  
 2  62% 0%  
Organisat ional  commitment  
(1s t  s tudy on ly)  
1  12-23% 0-9% 0-5% 
Heal th  1  16-26% 3-4% 0-5% 
 2 18% 5%  
Sel f -assessed job 
per formance 
1 12-15% 12-13% 0% 
 2 8% 12%  
Sel f -assessed job 
per formance based on 
feedbacks 
1 0-16% 12-24% 4-8% 
 2 4% 11%  
Si tuat ional  job per formance 1 19-41% 4-12% 0% 
 2 9% 14%  
Dedicat ion (2 n d  s tudy on ly)  2  12% 34%  
V igour  (2n d  s tudy on ly)  2  13% 22%  
 
 
The resu l ts  summar ised in  Table 142 show that  the of f ice env i ronment  conta ins 
demands as wel l  as  s t ressors .  Because the Job Demands-Resources f ramework 
def ines demands and resource in funct ion but  not  in content  and due to the lack of  
conc lus ive ev idence f rom prev ious research,  the categor isat ion of  of f ice 
character is t ics  to demands and resources is  not  a pr ior i  g iven.  Theoret ica l  reasoning 
based on act ion-regulat ion theory led to the a l locat ion of  most  o f f ice character is t ics  
to  job demands,  wi th  the except ions of  cont ro l  over  the phys ica l  env i ronment ,  
pr ivacy,  and env i ronmenta l  comfor t  (F igure 22) .  Thus,  the factors  cons idered re levant  
were regarded as requi r ing susta ined phys ica l  or  menta l  e f for t  that  is  assoc iated wi th  
phys io log ica l  and psycholog ica l  costs .   
 
The two s tud ies conf i rmed that  over load acts  as a job demand whi le  the job 
character is t ics  scope of  act ion,  var ie ty,  ho l is t ic  job,  and soc ia l  suppor t  act  as 
resources.  The resu l ts  o f  the two s tud ies ind icate that  some of f ice env i ronmenta l  
var iab les belong to job resources,  i .e .  represent  aspects  that  are funct ional  for  
ach iev ing work goals ,  reduce demands and the costs  assoc ia ted wi th  demands,  and 
s t imulate  personal  growth,  learn ing,  and development  (F igure 61) .  The assumpt ion,  
based on theoret ica l  reasons and f rom previous research,  that  o f f ice no ise,  
d is t ract ions,  env i ronmenta l  s t ressors ,  and crowding act  as demands whi le  cont ro l  
over  the phys ica l  env i ronment  and pr ivacy act  as resources could be conf i rmed.  On 
the other  hand,  l ight ing,  indoor  c l imate,  aspects  o f  workspace des ign (work and 
s torage space,  workspace qual i ty,  and workp lace appropr iateness) ,  and soc ia l  
dens i ty appear  as resources rather  than demands in  the two s tud ies.  
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Figure 61.  Job Demands-Resources model containing empirically found 
relationships between off ice environmental variables and outcomes 
The Job Demands-Resources model  has been developed in  react ion to the l imi ted 
perspect ive on negat ive ef fects  in t rad i t ional  s t ress models .  The inc lus ion of  
resources and the pos i t ive ef fects  assoc iated wi th  them proved f ru i t fu l  for  the 
research of  o f f ice  env i ronment  ef fec ts .  Notab ly  the d iscovery o f  workspace des ign 
and soc ia l  dens i ty as resources may s t imulate  more research and inf luence of f ice 
des ign in  the future.  
Prev ious research on workp lace des ign has tended to focus on demands and 
theoret ica l  approaches such as act ion-regulat ion theory emphasise resources less 
than demands.  However ,  many of  the var iab les employed in  the s tud ies can genera l ly 
act  e i ther  as  demand or  resource (see a lso Crouch & Nimran,  1989;  V ink & De Looze,  
2008)  a l though l i t t le  is  known about  the t ipp ing po in t  va lues or  bandwidths.  The 
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resu l ts  of  the two s tud ies show that  aspects  of  the ambient ,  the mater ia l ,  and the 
soc io-spat ia l  env i ronment  may act  as  resources.  Th is  suggests  that  future research 
in  o f f ice des ign should cons ider  the funct ion,  cont r ibut ion,  and l imi ts  o f  resources 
re la ted to the work env i ronment .  Addi t ional ly,  organisat ions may be in terested to 
know whether  they are do ing wel l  or  not  in o f f ice des ign,  i .e .  whether  the i r  scores in  
a  survey are h igh or  not .  Therefore the issue of  cut -o f f  scores needs to  be integrated 
in  fur ther  research e.g.  by analys ing odds ra t ios  or  va l idat ion s tud ies (Demerout i  & 
Bakker ,  2011) .  Such cut -o f f  scores,  however ,  are not  appl icab le to a l l  var iab les of  the 
of f ice env ironment .  K im & de Dear  (2012)  present  ev idence that  some factors  of  the 
of f ice env ironment  (such as temperature,  no ise,  amount  o f  space,  pr ivacy)  have a 
predominant ly negat ive in f luence on user  sat is fac t ion whi le  o ther  factors  (such as 
l ight ing,  comfor t ,  or  a i r  qual i ty)  have a predominant ly l inear  re lat ionship  wi th  overa l l  
occupant  sat is fact ion,  i .e .  these factors  can reduce or  increase sat is fact ion.  
 
Crawford,  LePine & Rich (2010)  recent ly proposed an extens ion of  the Job Demands-
Resources model  by tak ing in to account  appra isa l  of  demands by employees.  Their  
research suggests  that  there may be job demands that  are appra ised as chal lenges 
ra ther  than h indrances by employee.  These job demands requi re  sustained ef for t  but  
are not  on ly  re lated to  negat ive outcomes such as exhaust ion but  a lso d i rect ly 
re la ted to work engagement .  F ind ings l ike these may lead to more re f ined JDR 
models  in the future.  They may a lso  lead to fur ther  analyses concern ing the funct ion 
of  of f ice env i ronment  factors .  For  ins tance,  cer ta in  var iab les may act  as chal lenging 
demands rather  than resources,  i .e .  they may have a pos i t ive impact  on engagement  
as wel l  as  on exhaust ion.   
 
The resu l ts  f rom the two s tud ies imply that  the theoret ica l  approach of  act ion-
regulat ion theory may be incomplete because the pred ic t ions der ived f rom th is  
approach could not  be conf i rmed complete ly.  Espec ia l l y,  env i ronmenta l  comfor t ,  a  
resource,  conta ins some of  the var iab les (e.g .  dens i ty,  l ight ing,  indoor  c l imate)  that  
had been expected to be long to the demands category because they may over tax 
regula t ion.  However ,  the pos i t ive s ta t is t ica l  re la t ionship between these var iab les and 
the outcomes s tud ied suggests  that  they act  as resources ra ther  than demands.  This  
impl ies that  e lements  o f  o f f ice env i ronments  can suppor t  or  fac i l i ta te  act ion-
regulat ion by prov id ing mater ia l ,  ambient ,  or  soc io-spat ia l  qual i t ies  that  are 
funct ional  for  ach iev ing work goals  ins tead of  on ly prevent ing h indrances.  Whi le 
act ion-regulat ion theory impl ies th is  poss ib i l i ty ,  i t  has been main ly appl ied to s tudy 
workp lace s t ress,  regulat ion prob lems,  and heal th  (Frese & Zapf ,  1994)  and not  to  
resources for  act ion-regulat ion.  Fur thermore,  ac t ion-regula t ion theory focuses on 
act ion execut ion.  The des ign of  of f ice env i ronments ,  however ,  may be less impor tant  
for  execut ion of  act ions than the mot ivat ion to  dedicate onesel f  to a  cer ta in  task.  
Whi le  act ion-regulat ion theory does acknowledge that  mot ivat ion is  an impor tant  
concept ,  mot ivat ion is  integrated in the concept  o f  goals  that  are conceived as 
combin ing cogni t ive and mot ivat ional  aspects  of  act ion (Frese & Zapf ,  1994) .  The 
focus of  the act ion-regulat ion approach is  on the cogni t ive processes that  const i tute  
a  bet ter  understanding of  a job.  The f ind ings of  the two s tud ies suggest  that  for  the 
s tudy of  of f ice  env i ronments  the focus could be extended to inc lude mot ivat ional  
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processes of  mater ia l ,  env i ronmental ,  and soc io-spat ia l  resources for  of f ice  
occupants ’  work  per formance,  sat is fact ion,  and heal th.  Such an extens ion would 
s t rengthen the connect ion between the act ion- theoret ica l  approach and the JDR-
f ramework that  proposes dual  processes ( the chron ic  job demands-heal th  impai rment  
route and the resources-mot ivat ion route)  but  does not  spec i fy the psycholog ica l  
mechanisms.  
Fur thermore,  for  the s tudy of  human-env i ronment  interact ion in  work set t ings an 
extens ion of  the theoret ica l  approach is  needed that  encompasses aesthet ic -
emot ional  aspects  and co l lec t ive act ion regulat ion processes.  Th is  wi l l  lead to  a 
bet ter  understanding of  the ef fects  o f  workspace des ign on of f ice users .  From the 
perspect ive of  co l lec t ive act ion regula t ion the ro le  o f  soc ia l  dens i ty as a resource 
becomes more p laus ib le  as compared to an indiv idual  act ion- regula t ion perspect ive.   
 
The d i f ferent ia t ion of  of f ice env i ronment character is t ics  into  demands and resources 
has impl icat ions for  psychosoc ia l ly suppor t ive work des ign and workp lace 
management .  Demands and resources are t reated d i f ferent ly:  the focus in  deal ing 
wi th  demands is  on remedying weaknesses whi le  wi th  resources the preservat ion and 
development  of  s t rengths is  the goal .  Addi t iona l ly,  in format ion co l lec t ion for  the two 
c lasses may be d i f ferent .  Demands are assoc ia ted wi th  h indrances of  work processes 
and fee l ings of  d iscomfor t .  They wi l l  therefore be ut tered as compla ints  toward 
workp lace or  fac i l i t ies  managers.  In  cont rast ,  in format ion on resources must  be 
de l iberate ly  searched or  co l lec ted.  This  impl ies  that  data co l lec t ion methods and 
procedures for  eva luat ion,  moni tor ing,  and benchmark ing of  work env i ronments  must  
be developed and implemented in user  organisat ions.  
 
The mater ia l  cor re la tes of  repor ted demands and resources proved to be d i f f icu l t  to 
f ind.  In the second s tudy the se lected bu i ld ing- leve l  var iab les proved to  be 
un in format ive.  Sel f - repor ted data on wel l -be ing and work per formance is  bet ter  
exp la ined by ind iv idual  percept ions of  the of f ice env i ronment  and job character is t ics  
than by measurable  parameters  of  o f f ice bui ld ings.  The s i tuat ion may be d i f ferent  i f  
outcomes can be measured wi th  less dependence on se l f - repor ts  of  job incumbents .  
Genera l ly,  the resu l ts  conf i rm that  the perce ived s i tuat ion of ten has a greater  e f fect  
on ind iv iduals  than the ob ject ive s i tuat ion does (Za lesny & Farace,  1987)  and thus 
suppor t  the assumpt ions of  the act ion- theoret ica l  approach.  Employees ’  percept ions 
and assessments o f  the i r  work env i ronment  are af fected by the i r  expectat ions and 
percept ions of  the spat ia l -phys ica l  rea l i ty shape the exper ience and behaviour  in the 
of f ice.  The surroundings are therefore assessed in  re la t ion to work tasks and 
processes,  ind iv idual  needs,  and other  aspects o f  work l i fe .  Th is  assessment  is  
somet imes descr ibed as usabi l i ty  o f  an of f ice env i ronment  (Windl inger  e t  a l . ,  2010) .  
Of f ice env i ronment  usabi l i ty  can be ach ieved in many ways,  i .e.  there is  no “one best  
way”  to  des ign of f ice workp laces.  Rather ,  the potent ia l  o f  of f ice des ign for  des i red 
outcomes can be ut i l ised and therefore must  be understood.  
The ob ject ive parameters  examined in  the second s tudy do not  cont r ibute to a  bet ter  
understanding of  usabi l i ty  f rom a des ign po in t  of  v iew.  Other  ob ject ive parameters  or  
ind ices may prove more in format ive.  Based on the resul ts  of  th is  research,  ob ject ive 
parameters  ( that  s t i l l  dominate in many pract ical  approaches to  bu i ld ing eva luat ion)  
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should be complemented by subject ive informat ion prov ided by users  of  an of f ice 
env i ronment  for  benchmark ing and fur ther  development  of  of f ice env i ronments  
(Pre iser ,  2002) .  The re la t ionship between percept ions and bui ld ing- leve l  parameters  
(bu i ld ing des ign and bu i ld ing technology)  remains an impor tant  issue,  espec ia l ly in  
the context  o f  susta inable bu i ld ings because a focus on energy-ef f ic iency in  bu i ld ing 
and managing of f ice bu i ld ings may resu l t  in  negat ive or  pos i t ive ef fects  for  o f f ice 
users (Windl inger ,  Janser ,  Fe ige & Wal lbaum, 2012) .  
 
Of f ices,  composed of  the mater ia l ,  ambient ,  and soc io-spat ia l  env i ronment ,  must  be 
a l igned wi th  o ther  organisat ional ,  technolog ica l ,  and management  dec is ions.  The two 
s tud ies,  demonst ra te the impor tance of  var ious aspects  of  o f f ice env i ronments across 
d i f ferent  bu i ld ings.  These aspects  can be inc luded in  occupancy analyses in  order  to  
ident i fy s t rengths and weaknesses of  of f ice env i ronments ;  espec ia l ly i f  the va lues 
can be compared to interna l  basel ine or  compar ison measures or  to  externa l  
benchmarks.  Resul ts  f rom occupancy analyses can then be used for  fur ther  
improvement  of  env i ronments and/or  for  communicat ion between workp lace managers 
and of f ice users .  For  ins tance,  a theory-based set  o f  measurements for  a user-
or iented assessment  of  o f f ice env i ronments  could  suppor t  d iscuss ions among var ious 
s takeholder  groups in change pro jects  where the emot ional  nature of  the workp lace 
of ten becomes ev ident  (see a lso Farshchi  & F isher ,  2005) .  
 
The two s tud ies have severa l  l imi tat ions and impl icat ions for  fu ture research 
d i rect ions.  A set  o f  l imi ta t ions is  assoc ia ted wi th  f ie ld research:  The s tud ies re ly on 
data f rom vo luntar i ly  par t ic ipat ing organisat ions.  These organisat ions imposed 
l imi tat ions on quest ionnai re  s ize in the f i rs t  s tudy that  proved to render  the analyses 
d i f f icu l t  because d i f ferent  vers ions of  the quest ionnai re  had to be employed.  
Fur thermore,  access to  o f f ice  users was l imi ted in  both s tud ies.  Th is  led to the 
imposs ib i l i ty  to  ca lcu la te  a  response rate  in the second s tudy.  Conv inc ing 
organisat ions of  the usefu lness of  workp lace research and estab l ish ing long- term 
re la t ionships may remedy th is  k ind of  prob lem.  The broad par t ic ipat ion by more than 
twenty organisat ions in  the second s tudy shows that  genera l ly bus iness organisat ions 
are in terested in  the s tudy and improvement  of  the i r  of f ice workp laces.  
 
A second set  of  l imi ta t ions refers  to  methodolog ica l  issues.  The operat ional izat ions 
of  the concepts  were based on l i tera ture and ref ined by pr inc ipa l  components  
analyses.  Some measures were skewed and had to be normal ised.  Fur thermore,  
some var iables are h ighly corre late ,  notab ly workp lace appropr ia teness was s t rongly 
corre lated wi th  other  var iab les per ta in ing to the o f f ice  env ironment  which may have 
led to inconc lus ive resul ts  regard ing th is  var iab le .  There is  a need for  a  
methodolog ica l  development  o f  the f ie ld .  Many approaches to  of f ice bu i ld ing 
assessments are based on a des ign process f ramework (e.g .  Mal lory-Hi l l ,  Pre iser ,  
Watson,  2012;  Pre iser  & Vischer ,  2005)  and do not  e laborate theoret ica l  background 
and measurement  of  percept ions of  o f f ice users .  The fundamenta l  d i f ference between 
technica l  and psycholog ica l  qual i ty o f  of f ice env i ronments  (as f ramed in  the soc io-
technica l  systems theory)  needs fur ther  cons iderat ion.  The JDR f ramework in 
connect ion wi th  the act ion- regula t ion theory proved to be a va luable approach for  the 
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analys is  o f  percept ions and the i r  ef fects  on outcomes.  Fur ther  theoret ica l  
development  should integrate both,  mot ivat ional  processes in f luenced by of f ice 
env i ronments  and act ion execut ion.  Such a development  would cont r ibute to  a more 
deta i led spec i f icat ion of  the measurements and sca les used.  Main ly the funct ion and 
in terp lay between pr ivacy,  d is t ract ions,  no ise,  and cont ro l  over  the env i ronment  need 
to  be developed f rom a theoret ica l  and methodolog ica l  po in t  o f  v iew because they 
par t ia l ly  over lap and because they are cons is tent ly among the most  impor tant  
pred ic tors  for  severa l  outcomes.  The same is  t rue for  workp lace appropr ia teness,  
workspace qual i ty,  and env i ronmenta l  sat is fact ion.  
 
A second methodolog ica l  l imi ta t ion concerns the est imat ion of  re lat ive impor tance of  
in f luences wh ich was est imated v ia regress ion we ights  and var iance explanat ion in 
the two s tud ies.  Fur ther  research may benef i t  f rom recent ly developed re la t ive 
we ights  analys is  techniques (Kras ikova,  LeBreton,  & Tonidandel ,  2011;  LeBreton & 
Tonidandel ,  2008)  to cope wi th  in tercorre lated pred ic tors .  F ina l ly,  the regress ion and 
mul t i - leve l  analyses serve for  pred ic t ion and exp lanat ion of  assoc ia t ion.  However ,  
they do not  prove causal i ty.  Fur ther  exper imenta l  research is  needed in order  to 
estab l ish causal  re lat ionships.  The iso la t ion of  in f luenc ing var iab les in cont ro l led 
laboratory s tud ies can e.g .  cont r ibute to a  bet ter  understanding of  the mater ia l  of f ice 
env i ronment  (workspace qual i ty and workp lace appropr ia teness)  that  has been 
ident i f ied as an impor tant  source of  in f luence.   
 
Fur ther  l imi ta t ions concern the contents  of  the research of  th is  thes is :  the focus of  
the two s tud ies is  on indiv idual - leve l  outcomes.  This  leve l  of  outcomes should be 
complemented by an in ter - ind iv idual  leve l  o f  networks,  soc ia l  contexts  (Grant  & 
Parker ,  2009;  K i lduf f  & Brass,  2010) ,  and corresponding knowledge work 
env i ronments (Heerwagen et  a l . ,  2004)  because th is  leve l  of  analys is  can prov ide 
fur ther  knowledge on the factors  of  env i ronment  des ign that  af fec t  interact ion,  soc ia l  
re la t ions,  creat iv i ty,  and innovat ion (Oseland,  Marmot ,  Swaf fer  & Ceneda,  2011) .  
When the leve l  o f  outcomes is  expanded,  mul t i - leve l  models  can be used for  a bet ter  
understanding of  the ef fects  o f  of f ice envi ronments .  Par t icu lar ly the meaning of  
const ructs  across leve ls  o f  analys is  deserves more at tent ion (see a lso Demerout i  & 
Bakker ,  2011) .  For  example,  d is t ract ions are a demand at  ind iv idual  leve l  but  verba l  
communicat ions leading to ind iv idual  d is t ract ion could  prove to be a resource on 
team leve l .  So the same const ruct  could have d i f ferent  funct ions on d i f ferent  leve ls  of  
analys is .  
A fur ther  l imi tat ion regard ing the content  o f  the research cons is ts  in  the 
cons iderat ion of  employees ’  phys ica l  mobi l i ty .  Us ing d iverse set t ings or  zones wi th in  
the same of f ice bu i ld ing or  in  d i f ferent  bu i ld ings prov ides a degree of  behav ioura l  
cont ro l  that  has not  been covered by const ructs  o f  cont ro l  over  the ind iv idual  o f f ice 
env i ronment .  Phys ica l  mobi l i ty  o f  employees could  a lso lead to  shor t  term var ia t ion in  
demands and resources,  an issue that  a lso needs fur ther  cons iderat ion.  
 
The analys is  of  of f ice workp laces f rom both perspect ives,  demands and resources,  is  
a  f ie ld o f  research that  may resu l t  in  more knowledge on in teract ions between 
parameters  in  the complex in terp lay of  personal ,  soc ia l ,  and des ign factors  for  wel l -
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be ing and work per formance of  employees (see a lso Bluyssen,  Ar ies & van 
Dommelen,  2011) .  Whi le  the two s tud ies in  th is  thes is  show that  the phys ica l  
env i ronment  in  of f ices has impor tant  un ique ef fects  on employees’  wel l -be ing and 
per formance,  the mechanisms of  these ef fects  remain to  be researched f rom an 
organisat iona l  eco logy po in t  of  v iew that  take into  account  rec iprocal  ef fects  between 
personal ,  technica l ,  organisat ional ,  and env i ronment  des ign factors .  
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14. Conclusions 
The main goal  o f  th is  thes is  cons is ts  in c lar i fy ing the ro le o f  the phys ica l  work  
env i ronment  in  of f ices for  employee- leve l  outcomes.  In  prev ious research sat is fact ion 
was the predominant  outcome measure.  In the two s tud ies of  th is  thes is  job and 
env i ronmenta l  sat is fact ion measures were complemented wi th  measures for  heal th ,  
organisat ional  commitment ,  ind iv idual  job per formance,  and work engagement .  The 
re la t ionship between the phys ica l  work env i ronment  and outcomes was s tud ied based 
on the Job Demands-Resources f ramework that  focuses not  on ly on negat ive aspects  
(demands)  but  a lso on pos i t ive aspects  ( resources)  o f  the work env i ronment .  The Job 
Demands-Resources f ramework a l lows the combined analys is  o f  e f fects  f rom the job 
des ign,  phys ica l ,  and soc ia l  env i ronment .  The two empir ica l  s tud ies wi th  large 
databases show that  e f fects  o f  the of f ice env ironment  on users ’  percept ions,  
assessments,  and react ions can be ident i f ied and that  these ef fects  remain 
s ign i f icant  even when job character is t ics  or  aspects  o f  the soc ia l  env i ronment  are 
entered into the s ta t is t ica l  models .  
The longi tud ina l  analyses of  of f ice concept  changes in  four  organisat ions show that  
the impacts  o f  changes in  the of f ice env i ronment  are d i f ferent  in d i f ferent  
organisat ions.  These ef fects  therefore are assumed to  be dependent  on 
organisat ional  pract ices and change management  procedures.  Fur ther  research on 
ef fects  of  the work env i ronment  should cont ro l  for  these inf luences by more thorough 
descr ip t ions of  organisat ional  character is t ics  and change management  procedures.  
 
The resu l ts  o f  the mul t i - leve l  models  in the second s tudy show that  the impact  o f  the 
of f ice env ironment  cannot  be exp la ined by character is t ics  o f  the of f ice bu i ld ings.  
Rather ,  the var iance in the outcomes ( job and env i ronmental  sat is fact ion,  heal th ,  job 
per formance,  and work engagement)  is  assoc ia ted wi th  employees ’  percept ions and 
assessments.  Thus,  the resu l ts  f rom the two s tud ies genera l ly conf i rm f ind ings f rom 
prev ious research carr ied out  in  d i f ferent  geographica l -cu l tura l  and technolog ica l  
contexts .  In genera l ,  the ef fects  o f  o f f ice work env i ronments  therefore seem to  be 
s imi lar  across reg ion,  t ime,  and bu i ld ing const ruct ion contexts .  There is  one major  
d i f ference,  however ,  to prev ious research.  In my s tud ies soc ia l  dens i ty appears as a 
resource rather  than a demand,  i .e.  h igh soc ia l  dens i ty is  pos i t ive ly assoc ia ted wi th  
heal th ,  per formance,  and work engagement .   
 
The resu l ts  f rom the two s tud ies show that  the facets  of  the ambient  env i ronment  
(o f f ice no ise,  l ight ing,  and indoor  c l imate)  are pred ic tors  for  af fect ive-at t i tud ina l  
outcomes (sat is fact ion and commitment ) .  Ef fects  of  th is  c lass of  env i ronmenta l  
var iab les on heal th,  per formance,  and work engagement  are smal l  and inconc lus ive.  
S imi lar ly,  cont ro l  over  the of f ice env i ronment  seems to  be main ly impor tant  for  job 
and env i ronmenta l  sat is fact ion.  The l imi ted and inconc lus ive ef fects  o f  the ambient  
env i ronment  are unsurpr is ing because indoor  env i ronmental  condi t ions are p lanned 
on the bas is  o f  laboratory research ( rev iewed in  chapter  6) .  Laboratory research on 
the ambient  env i ronment  has ident i f ied larger  e f fect  and he lped to ident i fy the 
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bandwidths of  opt imal  comfor t .  The condi t ions in  the bu i ld ings s tud ied seem to l ie  
wi th in  the boundar ies of  these bandwidths.  
 
D i f ferent  aspects  o f  the soc io-spat ia l  env i ronment  are captured wi th  the fo l lowing 
var iab les:  pr ivacy,  d is t ract ions,  crowding,  and soc ia l  dens i ty.  D is t ract ions appear  to  
be a cruc ia l  var iab le in  both s tud ies.  Dis t ract ions have a negat ive inf luence on job 
sat is fact ion,  env i ronmenta l  sat is fact ion,  heal th ,  work per formance,  and work 
engagement .  S imi lar ly,  pr ivacy af fects  env i ronmenta l  sat is fact ion,  work  per formance,  
and work engagement .  Crowding proved to reduce job and env i ronmenta l  sat is fact ion 
in  the f i rs t  s tudy and soc ia l  dens i ty is  pos i t ive ly ,  but  not  cons is tent ly,  assoc iated wi th  
heal th ,  per formance,  and work engagement .  These resul ts  regard ing the soc io-spat ia l  
env i ronment  conf i rm prev ious resu l ts  on the impor tance of  pr ivacy.  However ,  
d is t ract ions appear  as a  more cons is tent  and s t ronger  pred ic tor .  In contrast  to  
prev ious research,  soc ia l  dens i ty appears as a resource in the s tud ies of  th is  thes is  
and has pos i t ive assoc ia t ions wi th  heal th ,  per formance,  and work engagement .  These 
pos i t ive re lat ions are found when severa l  var iab les are s tud ied at  the same t ime.  
Thus,  the pos i t ive e f fec t  of  soc ia l  dens i ty appears when the ef fects  o f  crowding,  
pr ivacy,  and d is t ract ions are taken in to  account .  Th is  f ind ing s t resses the impor tance 
of  mul t ivar ia te  methods in  research of  work  env i ronments .  Fur thermore,  i t  po in ts  to 
the need for  more research on the re la t ionship between the d i f ferent  aspects  o f  the 
soc io-spat ia l  env i ronment .  The pos i t ive assoc iat ions between soc ia l  dens i ty and 
heal th ,  per formance,  and work engagement  seem to be suppressed by pr ivacy and 
d is t ract ions and the i r  nature remains to  be researched.  The pract ica l  impl icat ions,  
however ,  are impor tant :  i t  is  more impor tant  to deal  wi th  d is t ract ions than wi th  s ize 
and s t ructure of  o f f ice rooms.  Large and openly s t ructured of f ice rooms seem to  work 
we l l  for  employees i f  d is t ract ions are min imized by technology (e .g .  sound masking) ,  
des ign of  c i rcu la t ion paths,  and behav iour  of  of f ice users .  An impor tant  measure for  
reduct ion of  d is t ract ions and regulat ion of  pr ivacy is  the prov is ion of  spaces for  
re t reat  and concent rated work in  o f f ices wi th  h igh soc ia l  dens i ty.  
The f ind ings of  the two s tud ies therefore cont r ibute to  the open vs.  c losed of f ices 
debate by spec i fy ing the re levant  var iab les and the i r  ef fect  in  a  larger  context .  
Fur ther  d iscuss ions on of f ice s t ructures should not  cont inue to revo lve around open 
vs.  c losed of f ices but  focus on d is t ract ion-r ich and d is t ract ion-poor  open space 
of f ices.  
 
The mater ia l  env i ronment  has not  rece ived much at tent ion in  workp lace research and 
has been s tud ied on ly in  context  wi th  cont ro l  (Lee & Brand,  2005;  O’Nei l l ,  2010) .  In 
the two s tud ies of  th is  thes is ,  the mater ia l  env i ronment  – descr ibed wi th  three 
var iab les:  workspace qual i ty ( re fer r ing to  the furn i ture) ,  workp lace appropr ia teness 
( re fer r ing to the funct iona l  qua l i ty o f  the workp lace) ,  and work and s torage spaces – 
acts  as an impor tant  resource for  the employees.  Workspace qual i ty is  cons is tent ly 
pos i t ive ly re la ted to  a l l  outcomes whereas workp lace appropr ia teness is  less 
pos i t ive ly assoc iated wi th  job and env i ronmental  sat is fact ion and organisat ional  
commitment ,  but  less cons is tent ly assoc iated wi th  heal th  and per formance.  
Assessments of  work and s torage spaces are pos i t ive ly re la ted to  env i ronmenta l  
sat is fact ion,  work per formance,  and work engagement .  
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The ef fect  s izes of  the ident i f ied re la t ionsh ips are substant ia l .  Compared to the 
ef fects  of  job des ign,  the ef fects  o f  the of f ice env i ronment  are larger  for  job 
sat is fact ion,  somewhat  smal ler  for  job per formance and c lear ly smal ler  but  s t i l l  
substant ia l  work engagement .  Fur thermore,  the resu l ts  ind icate that  the ef fect  of  the 
o f f ice env ironment  on heal th  is  c lear ly s tronger  than the ef fect  o f  job des ign.  Taken 
together ,  these resu l ts  show that  o f f ice env i ronments contain  factors  in 
organisat ional  behaviour  that  deserve at tent ion f rom researchers,  bus iness 
management  and fac i l i t ies  management  a l ike.  
The rank ing of  in f luenc ing factors  based on s ign i f icant  γ -values of  the second s tudy 
(Table 144)  shows that  var ie ty and over load,  two job character is t ics ,  are the most  
cons is tent  and impor tant  pred ic tors  for  a l l  outcomes except  work area sat is fact ion 
and heal th .  Among the work env i ronment  character is t ics  the var iab les re fer r ing to  the 
mater ia l  env i ronment  (workspace qual i ty,  workp lace appropr ia teness,  and work and 
s torage spaces)  and var iab les re fer r ing to  the soc io-spat ia l  env i ronment  
(d is t ract ions,  pr ivacy,  soc ia l  dens i ty,  and to  a lesser  degree of f ice no ise)  are the 
most  impor tant  pred ic tors .  Var iab les per tain ing to the ambient  env i ronment  ( indoor  
c l imate and l ight ing)  are less impor tant  and main ly a f fect  sat is fact ion.  Ind iv idual  
cont ro l  over  these aspects  is  more impor tant  than the assessment  of  these 
d imensions i tse l f .  In  addi t ion to  these factors ,  gender  is  an impor tant  pred ic tor  for  
heal th  and per formance measures.  
The analyses show that  o f f ice env i ronment  factors  cont r ibute un iquely to  var iance 
expla ined in  the outcomes.  The resul ts  therefore imply that  leveraging of f ice des ign 
and management  workp lace /  fac i l i t ies  managers can promote sat is fact ion,  heal th ,  
job per formance,  and work engagement .  Thus,  the resu l ts  f rom the two s tud ies have 
severa l  impl icat ions for  bus iness managers,  workspace des igners,  and workp lace /  
fac i l i t ies  managers.  Resul ts  regard ing the bui ld ing sample in  the second s tudy show 
that  the average per iod for  o f f ice refurb ishments is  about  four  years.  Th is  shor t  cyc le  
o f  changes in  the of f ice env i ronment  produces oppor tun i t ies to implement  of f ice  
des igns that  take up the resu l ts  f rom the two s tud ies presented in th is  thes is .  
Bus iness managers are wel l  adv ised to ra ise the i r  awareness of  e f fects  o f  work 
env i ronments .  Of f ice env i ronments  can have substant ia l  impacts  on employees ’  
sat is fact ion,  commitment ,  heal th,  job per formance,  and work  engagement .  Work 
env i ronments should therefore be a l igned wi th  s t ra teg ic  goals ,  organisat ional  
pract ices and employees ’  work  act iv i t ies .  Fur thermore,  the ef fects  of  work  
env i ronments on employees should be moni tored by per iod ica l  analyses for  
management  dec is ions.   
 
Workp lace des igners are conf i rmed in  the i r  serv ice of fer ings that  workp lace qual i ty is  
an impor tant  factor  for  employee-re la ted outcomes.  The resul ts  f rom the two s tud ies,  
based on a large sample of  ind iv idual  par t ic ipants  and organisat ion-bui ld ing un i ts ,  
capture the s i tuat ional  fac tors  that  engender  a  cer ta in degree of  s tab i l i ty  o f  react ions 
and behav iour  over  t ime and of f ices.  The resu l ts  thus he lp to  ident i fy the re levant  
var iab les and prov ide informat ion on the i r  impact .  The actua l  des ign and reason for  a  
favourable or  unfavourable assessment  by o f f ice users  is  not  comprehens ive ly 
examined.   
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Table 144. Ranking of inf luencing factors for al l  outcome variables 
Rank Work  area 
sat is fact ion 
Job 
sat is fact ion 
Hea l th  Se l f -assessed 
job  
per formance 
Se l f -assessed 
job  
per formance 
based on  
feedback 
S i tuat iona l  work  
per formance 
Dedicat ion V igour  
1  Workspace  
qua l i ty  
Var ie ty Gender  Var ie ty Var ie ty Var ie ty Var ie ty Over load  
2  Work  and 
s torage  
spaces 
Workspace  
qua l i ty  
Over load  Workspace  
qua l i t y  
Scope of  
ac t ion  
Pr ivacy Of f i ce  no ise  Var ie ty 
3  Dist ract ions Over load  Soc ia l  dens i ty  Gender  Over load  Scope of  ac t ion  Workspace  qua l i t y  Work  and 
s torage  spaces  
4  Pr ivacy D is t ract ions Scope of  ac t ion  Dis t rac t ions  Gender  Workplace  
appropr ia teness 
Workp lace  
appropr ia teness  
Socia l  dens i ty  
5  Contro l  Contro l  D is t ract ions Age  Gender  Scope  o f  ac t ion  D is t rac t i ons  
6  Indoor  c l ima te  Indoor  c l ima te  Workp lace  
appropr ia teness  
  Over load  Over load Scope  o f  ac t ion  
7  Gender   Workspace  qua l i t y    Workspace  qua l i t y  L igh t ing  Workp lace  
appropr ia teness  
8  Var ie ty   Of f i ce  no ise    D i s t rac t i ons  Age Pr ivacy  
9    I ndoor  c l ima te    Age   
No te :  Rank ing  i s  based  on  va lues  a re  s ign i f i can t  γ -va lues  in  second  s tudy;  coe f f i c ien ts  fo r  fac to rs  p r in ted  in  bo ld  a re  > .10  
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In  order  to complement  the f ind ings,  bu i ld ing-spec i f ic  qual i ta t ive in format ion would 
have to be co l lec ted (see a lso McCoy,  2002) .  Whi le  o f f ice env i ronments  genera l ly 
may exer t  ef fects ,  the resu l ts  are at  least  par t ia l l y  in f luenced by in teract ions between 
users and the i r  env i ronment  (V ischer ,  2008) .  Such in teract ions are captured by the 
ra ther  h igh var ia t ion in  corre lat ions,  e.g .  between sat is fac t ion and per formance 
(Windl inger ,  2009) .  Thus,  as long as changes in  des i red outcomes are not  
a t t r ibutab le to  ob ject ive des ign parameters ,  the successfu l  management  of  o f f ice 
workp laces wi l l  re ly on cont inuous improvement  processes wi th  p i lo t  pro jects  and 
moni tor ing of  changes us ing post -occupancy evaluat ions (Hadj r i  & Croz ier ,  2009;  
Palmer ,  2009;  Pre iser ,  2002) .  The two s tud ies imply that  a user-cent red des ign 
process may prove most  f ru i t fu l .  St rengths and weaknesses of  new workp lace 
concepts  and des ign can be assessed in  p i lot  pro jects  or  mock-up scenar ios and 
should be carefu l ly eva luated on the d imensions of  the ambient ,  mater ia l ,  and soc io-
spat ia l  env i ronment .  
 
Fac i l i t ies  /  workp lace managers can ra ise the va lue of  the i r  ac t iv i t ies  by cont inuous ly 
moni tor ing and improv ing work  env i ronments .  To do so,  measures of  perce ived of f ice 
qual i ty must  be developed and a l igned wi th  s t rateg ic  goals .  Qual i tat ive in format ion 
f rom observat ions and in terv iews may complete the p ic ture and prov ide fur ther  
in format ion in  the context  o f  recurr ing post -occupancy evaluat ions.  In format ion f rom 
such analyses may cont r ibute to the jus t i f icat ion of  costs  in fac i l i t ies  /  workp lace 
management  and to complete  a cost -or iented perspect ive wi th  employee and 
bus iness re la ted benef i ts  (such as increased job per formance)  (see a lso Keable & 
Marmot ,  2011) .  
 
A l l  three s takeholder  groups benef i t  f rom moni tor ing of  ef fects  of  the of f ice 
env i ronment  and cont inuous improvement through per iod ic  post -occupancy 
evaluat ions (Pre iser ,  2002) .  To fu l ly leverage the potent ia l  o f  per iod ic  post -
occupancy eva luat ions s t rateg ic  approaches to workp lace management  need to be 
developed and adopted (Turnbul l  e t  a l . ,  2011) .  Such an approach impl ies that  goals  
o f  des ign ing and managing workp laces are a l igned wi th  h igher- leve l  organisat ional  
goals  and s t ra teg ies as we l l  as  wi th  act iv i t ies  o f  o ther  suppor t  un i ts ,  namely HR and 
ICT depar tments .  The Job Demands-Resources f ramework prov ides a theoret ica l  
f ramework for  the d imensions of  post -occupancy evaluat ions and the model  
developed f rom the resul ts  o f  the two s tud ies descr ibes the content  (F igure 61)  and 
impor tance (Table 144)  o f  job and work env ironment  demands and resources.  Thus 
the resu l ts  cont r ibute to  the development  of  user-cent red of f ice des ign and workp lace 
management .  In  addi t ion to in forming post -occupancy evaluat ions ,  the model  can 
a lso be used for  the development  of  workp lace concepts ,  o f f ice p lanning,  and 
a l locat ion of  resources in  renovat ion.  Based on the model ,  analyses of  s t rength and 
weaknesses can inform such dec is ions,  espec ia l l y i f  s t ra teg ic  goals  and ( interna l )  
benchmarks are ava i lable .  In  a combinat ion of  post -occupancy evaluat ions wi th  
in tervent ions in the of f ice env i ronment ,  the model  may serve as a bas is  for  
cont inuous improvement .  A fur ther  appl icat ion of  the model  l ies  in the use of  the 
in format ion i t  prov ides for  ad just ing the work env i ronment  to  the needs and act iv i t ies  
o f  ind iv iduals  and groups.  Thus the model  could be used to  ident i fy and promote the 
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potent ia l  o f  job resources in  order  to  ach ieve bet ter  work resu l ts  and deal  wi th  
inev i tab le  job demands.  
 
These appl icat ions of  the Job Demands-Resources model  can be suppor ted by fur ther  
research on ob ject ive character is t ics  of  indoor  env i ronment  /  o f f ice des ign as wel l  as  
percept ions of  the env i ronments.  Both aspects  need more theoret ica l  development ,  
however .  The contents  and ro le  of  env i ronmental  sat is fact ion,  pr ivacy,  d is t ract ions,  
and in ter rupt ions and the i r  re lat ions to ob ject ive parameters  o f  o f f ice des ign deserve 
fur ther  research.  The f ind ings f rom the two s tud ies have ind i rect  economic 
consequences for  work organisat ions through work per formance,  absentee ism or  
employee commitment .  These l inks remain to  be quant i f ied and the development  of  
est imat ion models  may bu i ld  upon the f ind ings f rom the two s tud ies.  
 
More research is  needed to suppor t  workp lace des ign,  s t rategy,  and management .  
Extens ions of  of f ice  workp lace research concern the phys ico-chemica l  pathway of  
work env i ronment  des ign and analys is  (Cox & Cox,  1993;  Cox et  a l . ,  2000)  to inc lude 
aspects  of  the env i ronment  that  exer t  an ef fect  on humans wi thout  mediat ion through 
percept ion,  i .e .  b io log ica l ,  chemica l ,  and phys ica l  hazards in  the of f ice env i ronment  
(Mendel l  & F isk,  2007) .  An addi t ional  aspect  of  the of f ice env i ronment  that  deserves 
at tent ion in fu ture research is  the ava i lab i l i ty  and use of  in format ion and 
communicat ion technology ( ICT) .  Contemporary ICT a l lows for  more cont ro l  over  t ime 
and locat ion of  work than ever  before (O'Nei l l ,  2010)  and is  cont r ibut ing to changes 
in  the way o f f ice work is  per formed (B lok,  Groeneste i jn ,  van den Berg & Vink,  2011;  
Fogar ty,  Scot t  & Wi l l iams,  2011) .  A promis ing approach to  capture the ef fects  o f  
d i f ferent  sources of  in f luence such as the perce ived env i ronment  in combinat ion wi th  
b io log ica l ,  chemica l ,  and phys ica l  measures  of  indoor  a i r  qual i ty and the use of  ICT 
is  the cumulat ive r isk  assessment  (G.  W. Evans et  a l . ,  2012) ,  an approach that  
focuses on hazards and does not  account  for  pos i t ive ef fects  of  the des ign and 
management  of  the phys ica l  work  env i ronment ,  though.  A cumulat ive r isk  approach 
therefore should be complemented wi th  an analys is  o f  suppor t ive e lements  o f  work  
env i ronments  such as fac i l i ty  serv ices and symbol ic  and aesthet ic  qual i t ies  o f  o f f ices 
(V i lna i -Yavetz ,  Rafae l i  & Schneider  Yaacov,  2005) .  Research in  these top ics may 
prov ide more deta i led in format ion about  the character  of  o f f ice env i ronmenta l  facets  
as demands or  resources.   
Whi le  there is  a need for  more research,  the f ind ings f rom th is  thes is  show that  the 
ro le  o f  the phys ica l  work env i ronment  in o f f ices is  an impor tant  one and should be 
taken up in  organisat ional  research and pract ices.  
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16. Appendix: Detailed description of scales 
The fo l lowing tab le descr ibes the sca les and quest ions used in  the f i rs t  s tudy.  E lements h igh l ighted ( l ight  grey)  are a lso used in  the second 
s tudy.  
 
Construct  
(quest ionnaire  
Codes)  
Subscales I tems Scale type 
Internal  
consistency 
(Cronbach’s 
alpha)31 
Source 
Genera l  
in format ion 
(D1-D9) 
   Job  t i t l e  
  Loca t ion 32 
  H ighes t  comple ted  educat ion   
  Age  (years )  
  Gender  
  Job  tenure  (years )  
  Degree  o f  emp loyment  (percen tage)  
  Ra te  o f  t ime you  spend  a t  your  o f f i ce  workspace 
  How many co l l eagues  a re  work ing  in  the  same 
o f f i ce  space  w i th  you?  (P lease g i ve  a  number ,  
i nc lud ing  you)  
 No t  app l i cab le  Own (o r ig ina l  German)  
Job Character ist ics 
Job 
character is t ics  
(KFZA1-
KFZA26)33 
  Scope  o f  
ac t i on  
(KFZA1-
KFZA3)  
 
 
  I f  you  cons ide r  a l l  you r  ac t i v i t i es ,  to  wha t  ex ten t  
can  you  de term ine  the i r  o rde r  yourse l f?  
  How much  in f l uence  do  you  have  on  the  work  
tha t  i s  ass igned  to  you? 
  A re  you  ab le  to  p lan  and  organ ise  your  work  
au tonomous ly?  
1  =  ve ry  
l i t t l e ,   2  =  
ra the r  l i t t l e ,  
3  =  
somewhat ,  4  
=  ra the r  
much,  5  =  
ve ry  much 
0 .70  Prümper ,  Har tmannsgruber  
&  F rese ,  1995  (o r i g ina l  
German)  
                                                          
31 As  ind ica ted  in  sou rce  
32 On ly  i n  p re -change  ques t ionna i res  i f  a  re loca t i on  f rom d i f f e ren t  bu i l d ings  in to  one  (cen t ra l i sa t i on )  was  pa r t  o f  t he  change 
33 KFZA 25  und KFZA 26  under  head ing  “Sa t i s fac t ion  w i th  work  env i ronment ”  
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   Va r ie ty  
(KFZA4-
KFZA6)  
  A re  you  ab le  to  l ea rn  new th ings  a t  your  work?  
  A re  you  ab le  to  fu l l y  u t i l i se  your  knowledge  and  
your  sk i l l s  a t  work?  
  Genera l l y  speak ing ,  I  have  f requen t l y  chang ing  
and  va r ied  tasks  a t  my work .  
1  =  ve ry  
l i t t l e ,   2  =  
ra the r  l i t t l e ,  
3  =  
somewhat ,  4  
=  ra the r  
much,  5  =  
ve ry  much 
0 .73   
   Ho l i s t i c  j ob  
(KFZA7-
KFZA8)  
  A t  work  I  can  see f rom the  resu l ts  whe the r  o r  
no t  my work  i s  good .  
  My work  i s  des igned in  a  way tha t  a l l ows  me to  
p roduce  a  comp le te  p roduc t  f rom beg inn ing  to  
end .  
1  =  no t  a t  
a l l ,  5  =  ve ry  
much so  
 
0 .51   
   Soc ia l  
suppor t  
(KFZA9-
KFZA11)  
  I  can  re l y  on  my co l l eagues ,  i f  work  becomes  
d i f f i cu l t .  
  I  can  re l y  on  my d i rec t  super io r ,  i f  work  
becomes  d i f f i cu l t .  
  We work  we l l  t oge the r  i n  ou r  depar tment .  
1  =  no t  a t  
a l l ,  5  =  ve ry  
much so 
0 .76   
   Co-opera t ion  
(KFZA12-
KFZA14)  
  Work  requ i res  c lose  co -opera t ion  w i th  o the r  
peop le  in  the  o rgan isa t ion .  
  Wh i le  a t  work ,  I  can  d i scuss  o f f i c ia l  and  p r i va te  
mat te rs  w i th  severa l  co l l eagues  
  I  a lways  rece ive  feedback  abou t  the  qua l i t y  o f  
my work  f rom super io rs  and  co l l eagues .  
1  =  no t  a t  
a l l ,  5  =  ve ry  
much so 
0 .64   
   Cogn i t i ve  
demand  a t  
work  
(KFZA15-
KFZA16)  
  There  a re  th ings  in  th i s  j ob  wh ich  a re  too  
compl i ca ted .  
  My ab i l i t y  to  concen t ra te  i s  ove rs t re tched .  
1  =  no t  a t  
a l l ,  5  =  ve ry  
much so 
0 .40   
   Quan t i ta t i ve  
ove r load a t  
work  
(KFZA17-
KFZA18)  
  I  am f requent l y  under  t ime p ressure .   
  I  have  too  much  work .  
1  =  no t  a t  
a l l ,  5  =  ve ry  
much so 
0 .70   
   I n te r rup t ions  
(KFZA19-
KFZA20)  
  O f ten  the  necessary  i n fo rmat ion ,  ma te r ia l s  and 
equ ipment  (e .g .  compute rs )  a re  no t  a t  my 
d isposa l .  
1  =  no t  a t  
a l l ,  5  =  ve ry  
much so 
0 .44   
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  I  am repea ted ly  i n te r rup ted  (e .g .  by  the  
te lephone)  when  I  am t r y ing  to  ge t  my work  
done .  
   I n fo rmat ion  
and  
par t i c ipa t ion  
(KFZA21-
KFZA22)  
  I n  ou r  o rgan isa t ion  we  rece ive  su f f i c ien t  
i n fo rmat ion  abou t  impor tan t  mat te rs  and  
p rocedures .  
  Management  i s  w i l l i ng  to  cons ide r  employees ’  
i deas  and  sugges t ions .  
1  =  no t  a t  
a l l ,  5  =  ve ry  
much so 
0 .70   
   Bene f i t s  
(KFZA23-
KFZA24)  
  Our  o rgan isa t ion  o f fe rs  good  oppor tun i t i es  fo r  
p ro fess iona l  deve lopment .  
  There  a re  good  oppor tun i t i es  fo r  advancement  i n  
ou r  o rgan isa t ion .  
1  =  no t  a t  
a l l ,  5  =  ve ry  
much so  
 
0 .61   
Environmental  Character ist ics 
Rat ing of  work 
env i ronment  
(AZU4-AZU5;  
KFZA25,  
KFZA26;  AU1-
AU3;  EFR1-
EFR18;  P2,  P3)
  Env i ronment
a l  s t ressors  
(KFZA25-
KFZA26)  
  I n  my workp lace  the re  a re  adverse  
env i ronmenta l  cond i t i ons  such  as  no ise ,  a i r  
cond i t i on ing  and  dus t .  
  I n  my workp lace ,  the  rooms and  f i t t i ngs  a re  
i nadequa te .  
1  =  d isag ree  
s t rong ly ;  5  =  
ag ree  
s t rong ly  
0 .60  Prümper  e t  a l . ,  1995 
   Work  and  
s to rage  
spaces  
(AZU4-
AZU5)  
  I  have  enough  s to rage  space  a t  my workspace 
  I  have  enough  work  su r face  a rea  a t  my 
workspace 
1  =  d isag ree  
s t rong ly ;  7  =  
ag ree  
s t rong ly  
0 .76  Brennan,  Chugh  &  K l ine ,  
2002 
   Workspace  
qua l i t y  
(AU1-AU3)  
  Overa l l ,  my work  a rea  i s  appropr ia te  fo r  my 
work .  
  I  l i ke  the  s ty le /qua l i t y  o f  my fu rn i tu re .  
  Overa l l ,  I  l i ke  my fu rn i tu re .  
1  =  d isag ree  
s t rong ly ;  7  =  
ag ree  
s t rong ly  
0 .85  Lee  &  Brand,  2005 
   Env i ronment
a l  Featu res  
Ra t ing  
(EFR1-
EFR18)  
  Amount  o f  l i gh t ing  on  the  desk top  
  Overa l l  a i r  qua l i t y  i n  your  work  a rea  
  Tempera tu re  in  your  work  a rea  
  Aes the t i c  appearance  o f  your  o f f i ce  
  S i ze  o f  your  pe rsona l  workspace  to  
7 -po in t  
sca le :  f rom 
“ve ry  poor ”  
to  
“exce l l en t “  
(o r i g ina l :  
“ ve ry  
No t  spec i f i ed ;   
Au tho rs  
i den t i f i ed  
th ree  
subsca les  
(ven t i l a t i on ,  
l i gh t ing ,  
Char les ,  Ve i tch ,  Fa r ley  &  
Newsham,  2003  
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accommodate  your  work ,  ma te r ia ls ,  and  v i s i t o rs  
  Amount  o f  background  no ise  ( i . e .  no t  speech)  
you  hear  a t  you r  works ta t i on  
  Amount  o f  l i gh t  fo r  compute r  work  
  Amount  o f  re f l ec ted  l i gh t  o r  g la re  in  the   
compute r  sc reen 
  A i r  movement  i n  your  work  a rea  
  Your  ab i l i t y  to  a l te r  phys ica l  cond i t i ons  in  your  
work  a rea  
  Your  access  to  a  v iew o f  ou ts ide  f rom where  you  
s i t  
  D is tance  be tween  you  and  o the r  peop le  you  
work  w i th  
  Qua l i t y  o f  l i gh t ing  in  your  work  a rea  
  F requency o f  d i s t rac t ions  f rom o the r  peop le  
  Degree  o f  enc losu re  o f  you r  work  a rea  by  wa l l s ,  
sc reens  o r  fu rn i tu re  
unsat i s fac to
ry”  to  “ve ry  
sa t i s fac to ry”
)  
p r i vacy)  us ing  
fac to r  ana lys i s
   P r i vacy  (P2 ,  
P3 ,  
co r respond 
to   EFR5 
and  EFR6)  
  Leve l  o f  p r i vacy  fo r  conversa t i ons  in  you r  o f f i ce  
  Leve l  o f  v i sua l  p r i vacy  w i th in  your  o f f i ce  
 No t  spec i f i ed  Char les  e t  a l . ,  2003 
Dis t rac t ion34 
(AS1-AS3) 
   I  f i nd  i t  d i f f i cu l t  t o  concent ra te  on  my work .  
  I  exper ience  aud i to ry  d i s t rac t i ons  i n  my  work  
a rea .  
  I  exper ience  v i sua l  d i s t rac t i ons  in  my work  a rea .  
Yes ,  a l l  t he  
t ime =  1 ;  
No ,  never  =  
7  
0 .80  Lee  &  Brand,  2005 
Of f ice no ise 
(L1-L6)  
 Wh ich  e lements  does  the  no ise  inc lude tha t  d i s tu rb  
you?  
  A i r  cond i t i on  
  Te lephone  ca l l s  o f  co l l eagues  
  O f f i ce  mach ines  ( i nc l .  Compute rs )  
  Ex te r io r  no ise  
1  =  does  
never  
d i s tu rb ;  7  =  
con t inuous ly  
d i s tu rbs  
No t  app l i cab le  Lea ther ,  Bea le  &  Su l l i van ,  
2002 
                                                          
34 Two  ques t i ons  o f  the  o r ig ina l  5 - i t em sca le  were  omi t ted  because  they focus  v i sua l /acous t i c  p r i vacy .  
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  Conversa t i ons  o f  co l l eagues  
  O ther  
Pr ivacy  
(TP1-TP3;  
CP1-CP3;  P1)  
  Task  Pr i vacy  
(TP1-TP3)  
  I  am ab le  to  concen t ra te  fu l l y  on  my job  wh i le  a t  
work  
  Wh i l e  a t  my works ta t i on ,  I  can  work  w i th  few 
d is t rac t i ons  or  i n te r rup t ions  
  I n te r rup t ions  a t  work  o f ten  p reven t  me  f rom 
g iv ing  my fu l l  a t ten t ion  to  my job* .  
1  =  ve ry  
i naccura te ,  
5  =  ve ry  
accura te  
0 .64  to  0 .69  O ldham,  1988  
   Communica t i
on  Pr i vacy  
(CP1-CP3)  
  I  can  ta lk  w i th  my co -worke rs  i n  con f idence 
wh i le  a t  my works ta t i on  
  I t ’ s  d i f f i cu l t  to  work  a t  my s ta t i on  because  I  
have to  wor ry  abou t  d i s tu rb ing  o the rs *  
  I  am unab le  to  have  a  pe rsona l  o r  p r i va te  
d i scuss ion  wh i le  a t  work*  
1  =  ve ry  
i naccura te ,  
5  =  ve ry  
accura te  
0 .65  to  0 .67  O ldham,  1988  
   D is t rac t i on  
th rough  
peop le  (P1)  
  Somet imes  I ’m  d i s tu rbed  by  co l l eagues  who  
wa lk  by  my workp lace . *  
1  =  ve ry  
i naccura te ,  
5  =  ve ry  
accura te  
 Za lesny &  Farace ,  1987 
Crowding 
(CR1-CR4) 
   My work  a rea  has  an  adequa te  amoun t  o f  space  
fo r  the  number  o f  employees  who  work  in  i t . *   
  I  o f ten  fee l  ‘ c rowded ’  wh i le  a t  work  
  My work  a rea  does  no t  have  enough  space  fo r  
the  number  o f  employees  cu r ren t l y  work ing  in  i t  
  Employees  mus t  work  too  c lose l y  toge the r  i n  my 
work  a rea   
1  =  d isag ree  
s t rong ly ;  7  =  
ag ree  
s t rong ly  
0 .92  May,  O ldham &  Rather t ,  
2005 
Contro l  
(K1-K6) 
   I  de te rm ine  the  o rgan iza t ion /appearance  o f  my 
work  a rea .  
  I  can  pe rsona l i ze  my workspace .  
  I  f ee l  my work  l i f e  i s  under  my pe rsona l  con t ro l .  
  I  can  ad jus t ,  re -a r range ,  and  re -o rgan ize  my 
fu rn i tu re  as  needed .  
  The  va r ie ty  o f  work  env i ronments  needed  fo r  my 
j ob  i s  ava i l ab le  to  me.  
  I  can  ho ld  sma l l ,  impromptu  mee t ings  in  my 
Yes ,  ve ry  
much so  =  
1 ;  No ,  no t  a t  
a l l  =  7  
0 .71  Lee  &  Brand,  2005 
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o f f i ce  o r  work  a rea  as  needed .  
Preference for  
enc losed area 
( IA1,  IA2)  
   I  p re fe r  a  comp le te l y  open  o f f i ce  (no  pa r t i t i ons )  
to  ce l l  o f f i ces .  (Yes ,  ve ry  much so  =  1 ;  No ,  no t  
a t  a l l  =  7 )  *  
  I  am mos t  e f fec t i ve  i n  _____  k ind  o f  work  
space . (P r i va te ,  enc losed  =  1 ;  Open,  ba r r ie r - f ree  
=  7 )  
 0 .77  Lee  &  Brand,  2005 
Outcomes 
Job 
sat is fact ion 
(AZ0-AZ7) 
  Job  
sa t i s fac t i on  
(AZ0 ,  AZ1,  
AZ4 ,  AZ5)  
  How sa t i s f i ed  a re  you  w i th  your  work  i n  genera l?  
  I  hope my wo rk  s i tua t ion  w i l l  a lways  s tay  as  
good  as  i t  i s  now.  
  I  rea l l y  l ook  fo rward  to  go ing  back  to  work  a f te r  
days  o f f .  
  I f  some th ings  a t  my work  don ' t  change  soon,  
I 'm  go ing  to  l ook  fo r  a  new job . *  
Wha t  do  you  
th ink  abou t  
your  work  
these  days? 
1  (never )  
th rough  7  
(a lways ) ;  
f i rs t  
ques t ion  i s  
ra ted  us ing  
a  7 -po in t  
Kun in  sca le  
0 .73  Ba i l l od  &  Semmer ,  1994  
(o r ig ina l  German)  
Env i ronmenta l  
sat is fact ion 
(AZU1-AZU3;  
OES2) 
  Work  a rea  
sa t i s fac t i on  
(AZU1-
AZU3)  
  I  am sa t i s f i ed  w i th  my work  se t t i ng  as  a  who le .  
  I n  genera l ,  my work  a rea  prov ides  a  good  
se t t i ng  i n  wh ich  to  work .  
  Overa l l ,  I  fee l  comfo r tab le  i n  my work  a rea .  
1  =  d isag ree  
s t rong ly ;  7  =  
ag ree  
s t rong ly  
0 .88  May e t  a l . ,  2005 ;  O ldham,  
1988 
   Overa l l  
env i ronment
a l  
sa t i s fac t i on  
(OES2)  
  I ndoor  env i ronment  i n  your  works ta t i on  as  a  
who le  
7 -po in t  
sca le :  f rom 
“ve ry  poor ”  
to  
“exce l l en t “  
No t  app l i cab le  Char les  e t  a l . ,  2003 
Commitment  
(C1-C9) 
  Organ isa t i on
a l  
i den t i f i ca t i on
(C1 ,  C5 ,  C8)  
  I  am qu i te  p roud  to  be  ab le  to  te l l  peop le  who  i t  
i s  I  work  fo r .  
  I  f ee l  myse l f  t o  be  pa r t  o f  t he  o rgan iza t i on .   
  I  wou ld  no t  recommend a  c lose  f r i end  to  j o in  ou r  
s ta f f . *  
1  =  d isag ree  
s t rong ly ;  7  =  
ag ree  
s t rong ly  
0 .74  Cook  &  Wa l l ,  1980 ;  c f .  a l so  
S t r i de ,  Wal l  &  Ca t ley ,  2007  
   Organ isa t i on
a l  
I nvo lvement  
  I 'm  no t  w i l l i ng  to  pu t  myse l f  ou t  j us t  t o  he lp  the  
o rgan iza t ion . *  
 0 .87   
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(C3 ,  C6 ,  C9)    I n  my work  I  l i ke  to  fee l  I  am mak ing  some 
e f fo r t ,  no t  j us t  fo r  myse l f  bu t  fo r  the  
o rgan iza t ion  as  we l l .  
  To  know tha t  my own work  had  made  a  
con t r i bu t ion  to  the  good  o f  the  o rgan iza t ion  
wou ld  p lease me.  
   Organ isa t i on
a l  Loya l t y  
(C2 ,  C4 ,  C7)  
  I  somet imes  fee l  l i ke  l eav ing  th i s  employment  
fo r  good. *   
  Even i f  the  f i rm  were  no t  do ing  too  we l l  
f i nanc ia l l y ,  I  wou ld  be  re luc tan t  to  change  to  
ano the r  employer .  
  The  o f fe r  o f  a  b i t  more  money w i th  ano the r  
emp loyer  wou ld  no t  se r i ous ly  make  me th ink  o f  
chang ing  my job .  
 0 .82   
Heal th  
symptoms 
(BF1-BF17) 
   C i r cu la t i on  /  b lood c i rcu la t i on  p rob lems 
  S tomach  t roub le  /  i n tes t i na l  p rob lems 
  Headache 
  Res t lessness  /  ne rvousness  
  D i f f i cu l t y  i n  concent ra t i ng  
  Backaches  /  l ower  back  pa in  
  Neck  /  shou lde r  pa in  
  D i zz iness  
  Ea t i ng  d iso rders  /  we igh t  p rob lems  (excess ive  /  
t oo  l i t t l e )  
  I nsomn ia  (d i f f i cu l t y  ge t t i ng  to  s leep ,  d i f f i cu l t y  i n  
s tay ing  as leep)  
  Hear t  pa lp i ta t i ons  
  T i redness  
  Ach ing ,  heavy,  t i red  legs  
  Eye  Prob lems  (bu rn ing ,  i t ch ing  eyes ;  p ressu re ,  
pa in )  
  Uncomfo r tab le  fee l i ng  o f  fu l l ness  
  Hear tbu rn  
1  =  ha rd l y  
eve r  /  never  
2  =  eve ry  
few mon ths  
3  =  eve ry  
few week  
4  =  eve ry  
few days  
5  =  near l y  
eve ry  day  
 Mohr ,  1986 ,  1991  (o r i g ina l  
German)  
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Sel f -assessed 
job 
per formance 
(PR1-PR18) 
PR1-PR13:  se l f -
assessed job  
pe r fo rmance 
  The  genera l  o f f i ce  layou t  fac i l i t a tes  team work .  
  I  am ab le  to  s tay  focused and  „on  task “  a t  work  
  Fo rma l  c l i en t  ( i nc lud ing  in te rna l  employee)  
feedback  abou t  my work  i s  pos i t i ve .  
  I  have  easy access  to  i n fo rmat ion  tha t  I  need  to  
do  my work .  
  I  am ab le  to  be  p roduc t i ve  a t  my p resen t  
workspace .  
  I  am ab le  to  mee t  my persona l  pe r fo rmance 
goa ls  and  ob jec t i ves .  
  Peer  feedback  abou t  my work  i s  pos i t i ve .  
  I  can  eas i l y  accommodate  a  d rop - in  v i s i t o r  a t  my 
workspace .  
  I  am ab le  to  dea l  e f f i c ien t l y  w i th  unan t i c ipa ted  
p rob lems.  
  I n fo rmal  c l i en t  ( i nc lud ing  in te rna l  employee)  
feedback  abou t  my work  i s  pos i t i ve .  
  I t  i s  easy to  have a  one- to -one  conversa t i on  a t  
my workspace .  
  I  am loca ted  c lose l y  to  peop le  I  need  to  ta l k  w i th  
i n  my job .  
  Leader  and /or  superv i so r  feedback  abou t  my 
work  i s  pos i t i ve  
1  =  s t rong ly  
ag ree ,  7  =  
s t rong ly  
d i sagree  
0 .89  Brennan e t  a l . ,  2002 
 PR14-PR18:  
se l f -assessed  
job  pe r fo rmance  
based on  
feedbacks  
  I  pu t  a  l o t  o f  e f fo r t  and  energy  in to  my work .  
  My work  i s  o f  h igh  qua l i t y .  
  I  ra re l y  make mis takes  o r  e r ro rs .  
  I  can  accompl i sh  a  g rea t  dea l  each  day.  
  I  do  a  la rge  amoun t  o f  work  each  day.  
1  =  s t rong ly  
ag ree ,  7  =  
s t rong ly  
d i sagree  
0 .76  to  0 .78  O ldham,  1988  
S i tuat ional  job 
per formance 
(PR19-PR21)  
   Compared  to  my t yp i ca l  per fo rmance ,  r igh t  now I  
wou ld  ra te  my job  pe r fo rmance as  (Very  c rea t i ve  
=  1 ;  No t  a t  a l l  c rea t i ve  =  7 )  
  Compared  to  my t yp i ca l  work ,  r i gh t  now I  wou ld  
ra te  the  qua l i t y  o f  my work  as  (Very  good  =  1 ;  
Very  bad  =  7 )  
 0 .76  Lee  &  Brand,  2005 
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  Compared  to  my t yp i ca l  work ,  r i gh t  now I  wou ld  
ra te  the  quant i t y  o f  my work  as  (Very  good  =  1 ;  
Very  bad  =  7 )  
Work c l imate 
BK1-BK13,  
wi thout  BK7)  
 
 
 
  The  a tmosphere  a t  work  i s  impersona l .  
  I f  someone  i s  hav ing  d i f f i cu l t i es  w i th  h i s /he r  
work ,  the re ’s  a lways  a  co l l eague  who  can  he lp . *  
  We a re  lack ing  a  sense  o f  communi t y ;  he re  
eve ryone  on ly  th inks  o f  themse lves .  
  I f  any  o f  us  i s  hav ing  pe rsona l  d i f f i cu l t i es ,  
she /he  can  expec t  unders tand ing  and ass is tance 
f rom her /h i s  co l l eagues . *  
  The  mutua l  con f idence  in  ou r  team i s  so  g rea t  
tha t  we  can  ta l k  open ly  abou t  eve ry th ing ,  even  
abou t  comp le te l y  pe rsona l  ma t te rs . *  
  I n  ou r  o rgan isa t ion  i t ’ s  adv isab le  to  keep  one ’s  
pe rsona l  op in ion  abou t  i n t ra -o rgan isa t iona l  
p rocedures  pr i va te :  you  never  know how peop le  
may in te rp re t  your  i deas . *  
  To  p ro tec t  you rse l f  aga ins t  i n t r i gues ,  the  bes t  
th ing  i s  to  ho ld  your  tongue .  
  Eve ry th ing  tha t  goes  wrong  he re  i s  covered  up  
by  po l i t e  empty  ph rases  and  comp l imen ts .  
  I n  ou r  o rgan isa t ion  the re ’s  a  l o t  o f  t ens ion  
be tween  o lder  and  younger  co l l eagues .  
  I n  ou r  o rgan isa t ion  everybody i s  f ree  to  exp ress  
he r /h i s  op in ion  and  fee l i ngs . *  
  There  a re  somet imes  s ign i f i can t  con f l i c t s  
be tween  myse l f  and  my co l l eagues ,  bu t  they  a re  
g lossed  over  and  hushed up :  to  ou ts ide rs  and  
ou r  super io rs  eve ry th ing seems as  r i gh t  as  a  
t r i ve t .  
  My co l l eagues  and  I  never  c r i t i c i se  each  o the r  i n  
a  pe rsona l l y  o f fens ive  way. *  
1  =  ve ry  
i naccura te ,  
7  =  ve ry  
accura te  
No t  spec i f i ed  Rosens t i e l  &  Böge l ,  1992  
(o r ig ina l  German)  
Soc ia l  C l imate 
(ST1-ST10) 
  Soc ia l  
s t resso rs  
(ST1-ST10)  
  Some o f  my co l l eagues  a re  unp leasan t  to  have  
as  co -worke rs .  
  I n  th i s  o rgan isa t i on  you  ge t  severe ly  c r i t i c i sed  
fo r  eve ry  l i t t l e  th ing .  
(Yes ,  ve ry  
much so  =1 ;  
No ,  no t  a t  
a l l  =  7 )  
0 .86  F rese  &  Zap f ,  1987 
(o r ig ina l  German)  
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  You  have  to  work  w i th  un f r i end ly  peop le .  
  My l i ne  manager  expec ts  a  l o t  f rom us .  
  My l i ne  manager  p lays  us  o f f  aga ins t  each  
o the r .  
  I f  a  m is take  i s  made ,  ou r  super io r  a lways  
b lames  us  and  never  h imse l f /he rse l f .  
  There  a re  d i f f i cu l t i es  i n  coord ina t ing  w i th  
co l l eagues .  
  I t  i s  unc lea r  wha t  ou r  super io rs  wan t  f rom us .  
  We have  to  ca r ry  the  can  fo r  o the rs ’  m is takes .  
  Our  super io r  makes  ou r  work  more  d i f f i cu l t  w i th  
h is  i ns t ruc t i ons .  
No te :  i t ems  w i th  an  as te r i sk  a re  reve rse  sco red ;  o r ig ina l l y  German ques t ions  a re  t rans la ted  fo r  th i s  desc r ip t i on  by  L .W.  fo r  th i s  tab le  
Table 145. Descript ion of al l  constructs, scales,  subscales and items 
 
 
Construct  
(quest ionnaire  
Codes)  
Subscales I tems Scale type 
Internal  
consistency 
(Cronbach’s 
alpha)  
Source 
Work 
engagement  
(OLBI1-16)  
v igour  (OLBI2 ,  
4 ,  5 ,  8 ,  10 ,  12 ,  
14 ,  16 )   
  There  a re  days  when  I  f ee l  t i r ed  be fo re  I  a r r i ve  
a t  work . *  
  A f te r  work ,  I  t end  to  need  more  t ime than  in  the  
pas t  i n  o rde r  to  re lax  and fee l  be t te r . *  
  I  can  to le ra te  the  p ressure  o f  my work  ve ry  we l l .  
  Dur ing  my wo rk ,  I  o f ten  fee l  emot iona l l y  
d ra ined .  *  
  A f te r  work ing ,  I  have enough  energy  fo r  my 
l e i su re  ac t i v i t i es .  
  A f te r  my work ,  I  usua l l y  fee l  worn  ou t  and  
weary .  *  
  Usua l l y ,  I  can  manage  the  amount  o f  my work  
1  =  
comple te l y  
d i sagree ,  4  
=  comple te l y  
ag ree  
.73  
(Demerou t i ,  
Bakker ,  
Vardakou  &  
Kan tas ,  2003)  
Demerou t i ,  1999  (o r i g ina l  
German;  Eng l i sh  ve rs ion :  
Demerou t i ,  Mos te r t  &  
Bakker ,  2010;  Ha lbes leben  
&  Demerou t i ,  2005)  
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we l l .  
  When  I  work ,  I  usua l l y  fee l  energ ized .  
 ded ica t i on  
(OLBI1 ,  3 ,  6 ,  7 ,  
9 ,  11 ,  13 ,  15 )  
  I  a lways  f i nd  new and  in te res t ing  aspec ts  i n  my 
work .  
  I t  happens  more  and  more  o f ten  tha t  I  ta l k  abou t  
my work  i n  a  nega t i ve  way .  *  
  La te l y ,  I  t end  to  th ink  l ess  a t  work  and  do  my 
job  a lmos t  mechan ica l l y .  *  
  I  f i nd  my work  a  pos i t i ve  cha l lenge .  
  Over  t ime ,  one  can  become d isconnec ted  f rom 
th i s  t ype  o f  work .  *  
  Somet imes  I  f ee l  s i ckened by  my work  tasks . *  
  Th is  i s  the  on ly  t ype  o f  work  tha t  I  can  imag ine  
myse l f  do ing .  
  I  f ee l  more  and  more  engaged  in  my wo rk .  
1  =  
comple te l y  
d i sagree ,  4  
=  comple te l y  
ag ree  
.83  (Demerout i  
e t  a l . ,  2003)  
Demerou t i ,  1999  (o r i g ina l  
German;  Eng l i sh  ve rs ion :  
Demerou t i  e t  a l . ,  2010 ;  
Ha lbes leben &  Demerou t i ,  
2005)  
No te :  i t ems  w i th  an  as te r i sk  a re  reve rse  sco red  
Table 146. Descript ion of addit ional constructs,  subscales,  and items for the second study 
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